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n Tumor guppresggr Qms 

Tltmor supp re ssor genes are well-known In the art and Include the p53 gene (Baker et al. Science, 249^12-915 
(1990)), the p21 gate (B-Deiry et al, Ceil, Z5317-625 (1993); and Harper et at Ceft 25305-816 (1993)). and the tb 
gene (Bookstein eta!. Science, 2JZ:712-71S (1990)). 

Mutations In the tumor suppressor gene p53 are known to occur in ays' 50% of human turners, including m et as tatic 
breast cancer (Vogeiste^ A^af^ 

In North America and Western Europe, affecting nearly 10% of this population living to 80 years of age, and one mUOon 
new cases are predicted by the end of this decade (Miller et al, int d Cancer, 37:173-177 (1988)). Although the molec- 
ular basis of multistage carcinogenesis In breast cancer is not wan understood, the metastatic potential of breast can- 
cels has been correlated with the presence of point mutations In the p53 gene (Wang et al, Oncogene, £279-288 
(1B93)). Various groups have fburtd that reintroductai of the wild-type P53 Into a tumor cell has the therapeutic poten- 
tial to inactivate me proliferative effects of the mutated product (Bookstein et a], Cancer, 71:1 1 79-11 86 (1 393); Cher) el 
al Science, 231:1578-1580 (1990); and Baker et a!. Science. 24&912-915 (1990)). For example, in vitro transfecflon 
and retroviral-madJated transfer of a single copy of the p53 transgene into a variety of tumor cells, including breast can- 
cer cells, was found to result In a decrease m gmwrh mta and/hr Rftflm c^ri timw d^mloprrrent once those transfected 
celts were implanted into nude mice (Wang et a), Oncogene, 8279-288 (1993); Baker et el. Science. 249:912-915 

(1990) ); Bookstein et al, Science, gfi:712-715 (1990); Cheng et al, Cancer Res.* (1992); Isaacs et al. Can- 
cer fles.. 51:4716^720 (1991); Oilier et al MoL Cell Biol., lfl:5772-5781 (1990); Chen etal, Oncogene, 2:1799-1805 

(1991) ; and Zou etal, Science, 2^:528-529 (1994}). in addition, intratracheal injection of a retrovirus containing the 
p53 transgene has been shown to significantly inhibit the growth of lung tumors (Fujiwara etal, d NetL Cancer, Inst., 
&1 453-1 462 (1994)). Further, systemic intravenous administration off a p-actin promoter-containing vector co n ta ining 
the p53 coding sequence complexed to caiionic liposomes has been found to 

of breast cancer cells Injected into nude mice (Lesoon-Wbod et al Proa Am Ass. Cancer Res., 38:421 (1995); and 
Lesoon-Wbod etal, Human Gene Ther., &39-408 (1995)). Of the 15 tumors treated in this study, four of these tumora 
efid not respond to treatment Because of the unresponsiveness of these tumore, new therapies were sought in the 
present invention to more effectively decease me size of these tumors. Based on the In vfro data concerning p53, one 
might expect mat p53 decreases the size of the tumors due to effidem transection of the turn^ 
of the tumor was transfected after three injections of a cafionic liposomermarker (CAT) gena Furthermore, some 
endofreflal cells of the tumor were transfected with this marker gene. Thus, the primary target of cationic ffposome:p53 
complex may be me vasculature system of the tumor. Given that angiogenesis is critical tor me development of any 
human tumor, as wen as for metastastases (Fkfler et al, CeB, 23:185-188 (1994)), mis therapy should be widely appli- 
cable to a wide variety of tumors. 

p53 coordinates multiple responses to DNA damaga DNA damage results in an increase in the level of the p53 
proton. Following DNA damage, an important function of wild-type p53 function is to control me progression of ceOs 
from Q1 to 8 phase. Recently, several groups have found tat p53 transcriptionally activates a p21 kd protan (also 
known as WAF1 or dpi), en tnhMor of eyeflrvdependent kinases (CDKs) (B-Dairy et al supra; and Harper et af, 
supra), Inhibition of CDK activity Is thought to block the release of the transcription factor E2F, and related transcription 
factors from the retinoblastoma protein RB. with consequent failure to activate transcription of genes required for 8 
phase entry (Harper et al, supra; and Xfong et al, Nature, 2^:701 -704 (1 993)). Evidence consistent with the model that 
pRb is a downstream effector of p53-induced Q1 arrest has recently been reported (DuDc et al, Cell, 22:1013-1023 

(1994) ). Thus, p53 regulates ceD cycle through two proteins: p2l and rta. 

Proteins with antf -angiogenic activities are wen-known end include: throm bospomfin I (Kbsfeld etal, J. Bid Chem. , 
£££16230-18238 (1993); Toisma etal, JL CeBBioJ., 122:497-511 (1993); and Dameron et aJ, Science, 285:1582-1584 

(1995) ). IL-12 (Vbest et al, d NatL Cancer Inst., gZS81-S8B (1995)), protamine (mflber et al. Nature, 242:555-557 
(1990)), anglostatln (OReflry et al CeB, Z8315-328 (1994)), iaminin (Sakamoto et al Cancer Res., 3303-906 (1991)), 
and a prolactin fragment (Qapp et el, Endocrinol. , mi292-1299 (1993)). In addition, several anfl-angiogenic peptides 
have been isolated from these proteins (Matone et al Science, gff:77-79 (1930); Wortering et al, J. Surg. Res., 31245- 
251 (1991); and Ei]an et at. MoL mother., 3:38-40 (1991)). 

Tnromtospondin I (hereln^^ 180kdsidxmte 
(Lahav et al Semtrt Thrombi Hemostasts, 1&352-360 (1987)) linked by dlsuffide bonds (Lawer et al, d CeB Biol* 
103:1635-1648 (1988); and Lahav et al, Eur. d Blochem.. 345:151-156 (1984)). The majority of anti-angtogente actrvdy 
Is found in the central stalk region of this protein (Toisma et al, supra). There are at test two different structural domains 
within this central stalk region mat tnhfoft neovascularization (Toisma et el, supra) . 

Besides TSPl, mere are five other proteins (ftoronectln, iaminin, platelet fector-4, anglostatln, and prolactin frag- 



EP 0819 758 A2 

merrt) in which peptides have been Isolated that InhM angiogenesi& In addition, artatogues of the peptide soma to sta tin 
ere known to inhibit anglogenesis. 

Rbronectin (FN) (e a major surface component of many normal cells, as well as a potent dan spreading factor. Dur- 
ing transformation, the loss of cellular FN has been observed. Furthermore, the addition of fibronecfln to transformed 
s ceBs restores the normaJ phenotype. ft has been found that either heparin-Wnding or ceO-adheslon fragments from FN 
can inhibit experimental metastasis, suggesting that call surface proteciyglycans are Important In mediating the adhe- 
sion of metastatic tumor ceOs (McCarthy at el, J. Natf. Cancer Inst., g>:1 08-1 1 6 (1988)). it has also been found that FN 
and one of its peptides Inhibits In vivo anglogenesis (B]an et al, Mo!. Blotter., £38-40 (1991)). 

Laminm Is a major component of the basement membrane, and b known to have several Wdogfcally active sftes 
io that bind to endothelial and tumor cells. Lsmirin is a cruciform m 

and two B chains. Several sftes in lammin have been Identified as ceO bmcfing domains. These sites promote cellular 
activities in vftro, such as ceil spreading, migration, and ceD differentiation. Two peptides from two sftea of the lamirtin 
B1 chain are known to inhibit angiogenesis (Grant el a!, Path. Res. Pnact., lSfc854-863 (1 994)). 

Platelet factoM (PF4) is a platelet a-granuie protein originally characterized by as high affinity for heparin. The pro- 
fs tain Is released from platelete during aggregation as a high molecular weight complex of a tetrarner of the PF4 polypep- 
tide and cltondroffin sulfate, which dissociates at high ionic strength. PF4 has several biological properties including 
Immuriosuppress l on, ohemotacfio activity for neutrophils and monoc y t e s as weD as for fbrobiastB, inhmfion of bone 
resorption, and inhibition of angtogenesis. The angiostatic properties of human PF4 are associated with fte carbcxyi- 
terrrttnal, heparin binding region of the molecula A 12 amino add synthetic peptide derived therefrom has been discov- 
20 ered to have marked angjostatic affects (Maione et aJ, Science, 247:77-79(1990)). 

Although somatostatin Is not a protein, it Is a ratura%-occurrirtg cyclic 14 amino add peptide whose most-recog- 
nized function is the inhibition of growth hormone (GH) secretion. S omatos t atin to widely distributed In the brain, in 
which It fuff His a neuromodulator role, and i n Beveral organs of the gastrointestinal tract, where ft can act as a paracrine 
factor or as a true circulating factor. The rote played by the neuropeptide somato st ati n, also known as somatotropin 
& release inhibftory factor (SWF), In human cancer Is not wei! understood. Recent investigations involving somatostatin 
receptors in normal and neoplastic human tissues suggest that the action b complex, and invokes bom direct and indi- 
rect mechanisms. One of the anti-tumor mechanisms of these synthetic somatostatin analogues may be an antf-ang- 
fogenic effect (VYoftering et aJ, J. Surg. Res. , 3*245-50 (1 990)). In a recent study the ability of native somatostatin and 
nine s oma tost at i n analogues to inhibit angjogenesls were evaluated The most potent somatostatin analogue was 
so found to be appraxDnateiy twice as potent as the natoraDy^xxainlng somatostatin (Barrie et al, Jt Surg, Res., 55:446- 
50(1933)). 

Angiostatin is a 38 kDa polypeptide fragment of plasminogen. Whereas plasminogen has no f&rinogenic activity, 
angiostatin has marked angiogenic activity (O'RIeDy Ma et al Cell, 79315-28 (1994)). Angiostatin was Isolated when it 
was observed that the primary tumor suppresed metastases, That Is, when the primary to 
ss tases grew. Aomfrdrtistrafion of angiostatin blocks neo-vascularizatton and growth of metastases. 

Finally, a 1 6kd fragment of prolactin has been found to be angiogenic. Similar to plasminogen, prolactin is not anfi- 
anglogenic but the prolactin fragment fs a potent In vivo and In vitro inhfcftor of angiogenesis (Clapp a et al. Endocrinol- 
ogy. 133:12^-12^(1^3). 

Despite the evidence that anti-angtogenic peptides are effective anti-tumor agents, as well as the great deal of 
40 interest in targeting genes toward the vascuJature, there have been no punished reports on effective in vivo gene ther- 
apy regimens with established artti-angiogenic DNA sequences. 

There are several reasons why gene therapy utilizing anfiangfogenic genes have not been used or why antiang* 
iogerdc peptides are effective and the liposome: antiangfogenic gene may not ba First, mere are stgnfflcant physical 
differences between the liposome: DNA complexes and their peptides. Catiorric liposomes have a 1/2 Cfe of less than 
48 one hour (Alien TM and Papahajopoutes D, la- Uposome Technoiogy-VbJ. Ill, Ed, Qregoriacfis Q et al, CRC Press 
(1 993)). whereas the m os t effective of the antengtogente peptides (le angiostatin) have a M2 Ofe of two days (Fdkman 
J, The John Krantz, Jr Lecture In Pharmacology, UMAB, 4/30/98). Since caficnto liposomes form large a ggre ga tes 
when mixed wfth DNA, the cQstnTx^ 

(need reference). These properties of the liposomes may account tor the tow transfection efficiency of a tumor. There- 
so tore, ft is uncertain as to whether these Oposome:DNA complexes wOl reach their cellular targets. 

Furthermore, the exact receptor target or mechanisms of these antianglogentc peptides are unknown (Tclsma et 
el, supra). For example, ft Is unknown whether these receptor targets are intracellular or extracellular. The anti-ang- 
togenic genes that are complexed to liposomes encode their respective proteins inside the ceD, and proteins without 
secretory sequences remain inside the ceil. Thus, ft is unclear mat a trrtraceiluiar arrtiangtogerdc peptide derived from 
6s a syslemically transfected gene wiO reach fts ceDuIlar and/or receptor target 

The only transfected antiangtogertc gene mat has inhibited tumor growth to full length mro m b os p on dm I. In this 
study (Wefnstat-Saslow et a4 Cancer Research 54, 6504-651 1, (1934)) tumor cells that expressed 1 5 fold higher levels 
of the thrbmbospontfin I In vitro than baseline cells were implanted into the mice. This transfected full length throm- 
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bcsponcfln ( was secreted from the tumor cells to inhibit angtogenels, and effectively reduced thd tumor by 60%. Thus, 
this study determined that transfection of 100% of the tumor cefls with a highly expressed secreted anfiangiogenic gene - 
was able to reduce tumor eke. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide cationic vehidesiDNA complexes, such as liposome conplexes con- 
taining DMA encoding anti-anglogenfo peptides or cafionfe complexes cont aining DNA enoodlng an antJ-angtogertic 
p ep tides* 

Another object of the present invention Is to provide a method of anfr-anglogenic gene therapy. 
Still another object of the present invention is to provide liposome complexes containing DNA encoding an enti-ang- 
fogente peptide. 

Yet another object of the present invention Is to provide liposome complexes containing DNA encoding en anti-ang- 
iogenic peptide In combination with DNA encoding a tumor suppressor gene. 

A further c&ject of the present invention is to provide liposome complexes containing DNA encoding co n c ala merB 
of the same or different ant) -angiogenic peptides. 

An additional object of the present invention is to provide a method to inhibiling tumor growth in a subject, or alter- 
natively, to use these complexes for the production of a medicament, especially far inhibiting tumor growth in a subject 

These and other objects of the present Invention, which wID be apparent from the detailed description of the Inven- 
tion provided hereinafter, have been met in one embodiment by a cationic fiposomerDNA complex comprising DNA 
encoding an anti-angiogenJc peptide and DNA encoding a tumor suppressor protein. 

Furflier objects of the present invention were solved by the features defined in the present set of claims, but espe- 
cially the preferred embodiments defined in claims 2 to 25. 

Based on the present invention, it is anticipated that one sWDed In the gene therapy couU utiOze other cationic car- 
riers (pdytystne, poiyhistidina, poJycat57, Superfect, and polyemyBmine) complexed with the antiangiogenic genes to 
EnhfUt tumors. 

DETAILED DESCRIPTION QF THE INVENTION 

As discussed above, In one embodiment me above-described objects of the present invention tore been mat by 
a non-viraiiDNA complex comprising DNA encoding an anti-angiogertic peptide and DNA encoding a tumor suppressor 
protein. 

The particular non-viral carrier (Gpcsomes-neutral or non-cattortic, see below) , pdyethyfimine (Ftuka), polytysfne 
(Sigma), poJyhfefidlne (Sigma) , Superfect (Qiagen) , are not critical to the present Invenfion although cationic liposomes 
are preferable carriers. Examples of cationic Optos which can be employed tn me present invention include include 1.2- 
dtoJeoiyl-sn^cero-3-etfiyi^^ (Avanti. Birmingham, AL), 1,2«ihTiyri8toyl-sr>sI^ 

chbUne (Avanti, Birmingham. AL), and (2,3«floJ^cxy)propy^N l N^^^ chtoride (DOTMA) (Syntax 

Corp., Palo Alto, CA). 
The cationic Cpida are preferably used ^ 

AL). In the present invention, the amount of cationic BpJd present in the mixture Is generally in the range of from 1 00% 
to40%(wJW), preferably about 50% (wAsr); and the amount of DOPE present in the mixture la generally in the range of 
from 0% to 60% (wAv) , preferably about 50% (wJW); and the amount of pegylated lipid (1 ,2 Kfiacyl-sn-grycero-3-phos- 
prwethano!amine-N^dy{ethyiene glycol) 2000] present in the mixture is generally In me range of from 0% to 1 0% 
(wfo), preferably about 1% (w/w). 

The particular Dgand wfll be dependendent on flie the tumm/perfiumoral targeted. Examples of targets on tumors 
Include Her2 (breast), CEA (colon), ferritin receptor (breast lung, and ovary), and the tumor vasculature (ocvB3 fntegrtrts 
or tissue factor). Antibodies directed toward Her2, CEA, and me tumor's vasculature wiO be coupled to 1% of me 
pegylated lipid hydroxy! groMp of the pegylated lipid wfth a water sdutte carbodamki8 (1-etfiyl-3 (3^mathyIamlno-pn>- 
pyl) carboeffirrtde). and purified over a sephamse CL-6B column. Similarly, Ogands to the tumor (ferritin) and/or the vas- 
culature (the peptide, ROD) are covalentiy attached to the hydroxy! the pegylated lipids. 

The particular tumor suppressor gene employed is not critical to the present Invention. Examples of such tumor 
suppressor genes include me p53 gene, me p21 gene (B-Deiry et ai, supra; and Harper, supra), and the it gene 
(Bcokstein et ai, supra). The p53 gene te the preferred tumor suppressor gene employed In the present invention. 

The particular enltangiogenfcpe 
peptides include a fragment of thrombosponcCn I (TSPf) having me following amino acid sequence (me amino add 
sequences that are known to be anti-angiogenic are underlined): 
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MTEENKEIANELRRPPLCYHNOTQYRNNEEWT^ 
IMPCSNMTOIX^CCPRCWPSDSADDGWS 

LNNRCEG5 SVQTRTCHIQECDKRFKQDGGWSHffSPWS SC5VTCGDGVI TRITLC 



RL (SEQ ID N0:1), 



encode ft© antt-angiogeric peptides; the boUTAA is the stop codon) 
ATGflCTGAAGAGWVCMAGAGTTGGCCR^ 

AIRSCTGCaCTGRGTGTCftCTgTCASRaCT CAa 

gtgtcctgcc^ooxmgccctgctccratgccacagttcctgmiggaqv 
atgctgtcctcgctgttggccguk:grctctgcggrcgr.tggctggtctc 
catggt ccgagtggaccn^ctgttctacgagctgtggcaarggsvattcrg 

CAGCGCGGCCGCTarTGCGATaGCCTCftACAACCGaTG^ 
GGTCCAGACRm3ACCTGCCACAT^ 
■RGGRflGGTGGCTGGBGCCBCTG GTCCTO^ 
TGTGGT^TGGTGTGMCaoaGGaTC C(^ 

CCaGATGflMGGGiUiRCCCTGTGAAGGCGAflGCGCGGGAGMCIAAAGCCr 
GCJ&GRAAGACraCTGCCCCATC^ 

TGGGACATCTGTTCTGTC^CTGTGGAGGRGG^ 
CTCTAA. (SEQ ID NO: 2); 



a ccncatamer 



of TSP! having the following amino acid sequence (the Intervening sequence Is undertned): 



IJO»CEGSSVQmTCHI0BCD8RnCQDGGWSHWSPWSSCSVTCGDGVITRITlC 
NSPSPQMNGKPCEGERRETKACKKDACPINGGWGPWSPWDICSVTCGGGV^ 
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R LCVHSRM ITIEMKELANELRBPPLCYHNGVQYRNNEEgr^ I 
CKKVSCP IMPCS2CV.TVPDGECCPRCWPSDSADDGWS PWSEWT SCS TSCGNGIQQ 
RGRSCDSLNNRCEGSSVQTRTCHIQECTKRFKQDGGWSHWSPWSSCSVTCGDSV 
ITRITLC^SPSP©SNGKPCEGERMTKRCKKDACPINGGWGP?ISPWDICSVTCG 
GGVQKRSKL (SEQ ID NO: 3), 

which Es encoded by fte following DNA sequence (Ate intervening sequence te underlined): 

ATQICTGAAGA<3AC3UVA2AGTTG^CAATGAGCTGA66CGGCCTCCTC 

!TAXGCTATCAaACGGAGTTC3U^ 

GATAGCTGC&CTGAGTGTCACTGTCAGAACTC^ 

GGTGTCCTGCCCCMCATGCCCTGCTCCAATGCCACAGTTCCTGRTGGAG 

AAIGCTGTCCTCGCTGTTGGCCCftGCGRCTCTGCGGACGATGGCTGGTCT 

CCAIGGTCCGAGTGGACCTCCTGTTCTACGAGCTGTGGC^ 

GO\JK33CGGCCGCrCCTGCGRIAGCCTCI^^ 

CGGTCCAfaACACGG^CTGCGACArrc^ 

OtGGaTGGTGGCTCGftEOCaCTGGTCCCC^ 

ATGTGGTGATGGTGTGMCACAAGGATCCGGCTCTGCMCTCTCCCaGCC 
CCCA^TGfiATGGGAAACCCTGTGAAGGCGAAGCGCGGGAGACCARAGCG 
TGCAAGAAAG&CGCCTGCCCCATCAM^ 

GTCTCTGCGTCGflJCTCTAGRATGACTGAfiGAGAACJU\AGRGTTGGCGflA 

TGAGCTGAGGCGGCCTCCCCTATGCTATCAC^\ACGGAGrTCAGTACAGAA 

iVIAACGAGGAATGGACTGTTGATAGCTGC^ 

TCAGTTACCATCTGCAAAAAGGTGTCCTGC^ 

TGCO^CAGTTCCTGATGGAGAATGCTGTCCTCGCTGTTGG 

CTGCGGACGATGGCTGGTCTCCATGGTCCGAGTGGACCTCCTGTTCTACG 

AGCTGTGGCAftlGGAATTG^GCAGCGCGGCCGCTCCTGCGATAGCCTCAA 

CAflCa3ATGTGn(3GflCTCCTCGGTCC3laACM 

AGTGTGACAAAAGATTTAAACAGGATGGTGGCTGG?iGCCaCTGGTCCCCG 

TGGTCATCTTGTTCTGTGRCATCTGGTGATGGTGTGATCACAAGGATCCG 

GCTCTGCAACTCTCCCAGCCCCCAGATGAATGGGAAACCCTGTGAAGGCG 

AAGCGCGGGAGACCARAGCCTGCAAGAftAGftCGCCTGCCCCATCAATGGA 

GGCTGGGGTCCTTGGTCACCATGGGRCATCrGTTCTG^ 

AGGGGTJVCAGAAACGTAGTCGTCTCTAR (SEQ ID MO: 4); 



lamlnln peptide having the following amino acid sequence: MY1GSR (SEQ ID NOS), which Is encoded by fte following 
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DNA sequence (the S an sites are underlined, and the stop codon Is in bold): 
QKOaCAnOTA^ (SEQ ID N0.-8); 

a concaJamar a! the laminin sequence having the following amino arid sequence (foe intervening sequences are under- 
lined): 

^QSRQKSYIGSRQKSYlQSRQiQ (SEQ ID N0:7), which is encoded by fte following DMA sequence (the Sart sites 
are underlined, and the Intervening sequences are In bold): 

GTCGACATGTMM 

AGAIATATTGGTTCTCGTGGTA^ (SEQ ID NO: 8); 



a pepfide from platelet factor-4 having the following amino acid sequence: 

MLYKK1IKKLLES (SEQ id N0:9), which is encoded by the following DMA sequence (the Sa/I sites am underlined) 

a concatamer of the platelet factcM peptide having the Mowing amino acid sequence (the Intervening sequences 
underlined); 

NlYKKIiKKlJ-ESGKSLYKKIi (SEQ ID N0:11), which is encoded by the 

DNA sequence (the San sites are underfined. and ttie intervening sequences are In bold): 
so 

GTCG&GMGCT 

ps AAGATCATCAAGAAGCTTCTTG^ (SEQ ID 

NO: 12) ; 

somatostatin inhibftor having the following amino acid sequence MFCYWKVCW (SEQ ID N0:13), which is encoded by 
$o the Mowing DNA sequence (the Sail sites are underlined): 

QIESflS^GTT^^ (SEQ ID N0:14); 

aconca^erofsqnatolathinhlbto seo^jence (the intej vetilngsequ^ices are under- 

lined): 

MFCYWKVCWQl^YV^ (SEQ ID N0:15). which Is encoded by the following DNA 

33 sequence (the Sail sites are underlined, and tfia intervening sequences are in bold): 

GTCGft^ 

AAGGGATTGTGGGQraAAAQATTCTTGTAT^ 
TAAGTCGAC (SEQ ID NO: 16); 

fibronecfin inhibitor having the following amino acid sequence: MGRQD (SEQ ID N0:1 7). which is encoded by the tol- 
as' lowing DNA se quence (the Safl sites are underlined): 

fllSSfiS^OTCTITOT (SEQ ID NO:iej ; 

a concatamer of ftoionectininhibto 

lined): 

MQRQDSlSQRQPj3iffiqRQD3!S (SEQ ID N0:19); which is encoded by the following DNA sequence (the Safl sites 
so are underlined, and the intervening sequences are in bold): 
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GTCGACATGGGTCGTGGTGRTGGTTUVRAfS^GGTCGTGGTGfiJGGTAAAfiOA 
GGTCGTGGTGATGGTAAAAGATAAGTCGAC (SEQ ID NO:20) ; 
anglostatln having the following amino acid sequence: 
MVYLSECKTGIGNGYRGMSRTKSGVACQKWGATFPHVPNYSPSTHPNEGLEEN 
YCOTDNDEQGPWCTrTDPDKRYDYCOTPECEEECMYCSGEKYEGKI SKTMSG 
LDCQAWDSQS PHAHGYI PAKFP SKNLKMNYCHNPDGEPRPWCFT TDPTKRWEYC 
DIPRCTTPPPPPSPTYQOiKGRGI»m«;WSVWSGKTCQP^SEQTPHRHNRTP 
ENFPCKKLEENYCP1IPIXKTAPWCYTTDSQLRWEYCEIPSCESSASPDQSDSSV 
PPEEQTPVVQECYQSDGQSYRGTSSTTITGKKCQSEQTPHR 
(SEQ ID NO: 21), 

which is encodad by the following DNA sequence (ftie Sal] Bites are underlined) : 

GTCGACA .TGGTGTATCTGTCAGAATGTAAGACCGGCA.TCGGCAACGGC 

TACAGAGGAACCATGTCCAGGAC^AAGAGTGGTGTTGCCTGTCAAAAG 

TGGGGTGCCACGTTCCCCCACGTACCCAACTACTCTCCCAGTACACAT 

CCCAATGAGGGACTAGAAGAGAACTACTGTAGGAACCCAGACAATGAT 

GAACIAAGGCCCTTGKaTGCTACACTACAGATCCGGACAAGAGATATGAC 

TACTGCAACATTCCTGAATGTGAAGAGGlAATGCATGTACTGCAGTGGA 

GAAAAGTATGAGGGCAAAATCTCCAPiGACCATGTCTGGACTTGACTGC 

CAGGCCTGGGATTCTCAGAGCCCACATGCTCATGGATACATCCCTGCC 

ARATTTCCAAGCAAGAACCTGAAGATGAAT TATTGCCACAACCCTGAC 

GGGGAGCCAAGGCCCTGGTGCTTCACAAC3VGACCCCACCAAA^GCTGX3 

GAATACTCTGA^ATCCCCCGCTGG^CAACACCCCCGCCCCCACCCAGC 

CCAWXTACCAMGTCTGAARGGAAGAGGTGAAAATTACCGAGGGACC 

GTGTCTGTCACCGTGTCTGGGAAAACCTGTCAGCGCTGGAGTGAGCAA 

ACCCCTCAIAGGTGA GTCGAC (SEQ ID NO:22), 

a ooncatamsr of angtostattn having the following amino acid sequence (the intervening sequences are underlined): 
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Wn^SECKTGIGNTGYRGT^RTKSGVMQKW 
ENYCRNPENDEQG^CTTTDTO^ 
GUX^ftWDSOSFHRHGTC 
CDIPWITTPPPPPSPTYQCXKGRG^ 




GIGNGYRGrMSRT^ 

QGrPWCYTTDPDKRYDYC^ 

PHAHC^IPAKFPSraaKMNYCHNPIXSE 

PPSPTYQCXKGRGENYRGTVSVTVSQC^ 

NYCRNPDGETAPffCYTTO 

ECyQSDGQSYRGTSSTTITGKKCQSEQTPHR (SEQ ID No :23) , 

which te encoded by the following DNA sequence (the Sal) Bites are underload, and the Intervening sequences are (n 
bold): 

GTCGACA TGGTGTATCTGTCAGAA^ 

GAGGJ^CATGTCC^GGACAAAGAGTGGTGTTGCCT 

CACGTTCCCCXACGTACCCAACTACTCTCCCAGTACACA^ 
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GCTACACTACAGATCCGGACAAGAGATATGACTACTGCAACATTCCTGAATG 

TGAAGAGGAATGCATGTACTGCAGTGGAGAAAAGTATGAGGGCAAAATCTCC 

AAGACCATGTCTGGACTTGACTGCCAGGCCTGGGATTCTCAGAGCCCACATG 

CTCATGGATACATCCCTGCCAAATTTCCAAGCAAGAACCTGARGATGAATTA 

TTGCCACAACCCTGACGGGGAGCCAAGGCCCTGGTGCTTCACAACAGACCCC 

ACCAAI^GCTGGGAAIACTGTGftCATCCCCCGCTGCACAACACCCCCGCCCC 

CACCCAGCCCAACCTACCARTGTCTGAARGGAAGAGGTGAAAATTACCGAGG 

GACCGTGTCTGTCACCGTGTCTGGGAAAACCTGTCAGCGCTGGAGTGAGCAA 

ACCCCTCATAGGGGTAAAAGAATGGTGTATCTGTCAGAATGTAAGACCGGCA 

TCGGCAACGGCTACAGAGGARCCATGTCCAGGACAAAGAGTGGTGTTGCCTG 

TCAAAAGTGGGGTGCCACGTTCCCCCACGTACCCAACTACTCTCCCAGTACA 

CATCCCAATGAGGGACTAGAAGAGAACTACT GTAGGAACCCAGACAATGATG 

AACAAGGGCCTTGGTGCTACACTACAGATCCGGACAAGAGATATGACTACTG 

CAACATTCCTGAATGTGAAGAGGAATGCATGTACTGCAGTGGAGAAAAGTAT 

GAGGGCAAAATCTCCAAGACCATGTCTGGACTTGACTGCCAGGCCTGGGATT 

CTCAGAGCCCACATGCTCATGGATACATCCCTGCCAAATTTCCAAGCAAGAA 

CCTGAAGATGAATTATTGCCACAACCCTGACGGGGAGCCAAGGCCCTGGTGCT 

TCACJ^ACAGACCCCACCAAACGCTGGGAATACTGTGACATCCCCCG 

CACCCCCGCGCCX^CCAGCCCAACCTACCAATGTCTGAAAGGAAGA^ 

ATTACCGAGGGACCGTGTCTGTCACCGTGTCTGGGAAAACCTGTCAGCGCTGGA 

GTGAGCAA ACCCCTCATAGGTGA GTCGAC (SEQ ID NO: 24) ; 

prolactin having tho following amino &cki 68QU8nc8i 

MLPICPGGAARCQVTLRDLFDRAWLSHYIHNLS SEMFSEFDKRYTHGRGFI 
TKAINSCHTSSIATPEDKEQAQGjMNQKDFLSLIVS ILRSWNEPLYHLVTEVR 
GMQEAPEAILSKAVE IEEQTK (SEQ ID NO: 25) , 

wWcn te encoded by the following DNA sequence: 
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ATGTTGCCCATCTGTCCCGGCGGGGCTGCCCGATGCCAGGTGACCCTTCGAG 

ACCTGTTTGACCGCGCCGTCGTCCTGTCCCACTACATCCATAACCTCTCCTC 

AGAAATGTTCAGCGAAXTCGATJtf^ACG^ 

ACC^GGCCATCftACAGCTGCCACM 

AGGAGC&AGCCCAACAG^ 

CATATTGCGATCCTGGAATGAGCCTCTGTATCATCTGGTCACGGAAGTACGT 

GGTATGCAAG&AGCCCCGGAGGCTM 

AGCAAACCTAA (SEQ ID NO:26); 

and 

a cojicatamer of proiacfin having the following amino add sequence (the Intervening sequences are underlined): 

MLPICR3ffi»RCCfVTL^ 

AINSCHTSSLATPEDKEC^^ 

APEAILSK&VEIEEQTKGK^ 

SEMFSEFDKRYTHGRGFITKAINSCH7SSLATPEDKEQ 

LI^WNEPLYHL^^ (SEQ ID NO: 27) / 

which is encoded by foe following DNA sequence (the Intervening sequences are In bold): 

ATGTTGCCCATCTGTCCCGGCGGGGCTGCCCGM 

ACCTGTTTGACCGCGCCGTCGTCCTGTCCC^^ 

AGAAATGTTGUXXSAATTC^ 

ACCAAGGCCATCAACa^ 

AGGfVGCAAGCCCAA^^ 

GGTATGCMGay\GCCCCGG3^ 

AGC3VAACCGCSTAAAAOARTGOT 

AGGTGAJCCCirrCGAGACCT^ 

AIAfcCCTCTCCTO^^ 

GGGGGTTCaTTACCAAGGCCATCAACAGCTG^ 

CCGAAG&C&AGGAGCAAGCCCAA 

lAGTOUKyvlATTGCGATC 

TACGTGGTaTGCRAGARGCC^^ 

AGGAGCAAACCTAA (SEQ ID NO:28) 
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Increase otflcacy wffl occur wfth ccncatamers of the anB-anglogertic genes. This wffl Increase the anfl-angfogenlc 
dosage level without changing the amount of vector nec essa r y to deliver these genes. Similar to cortcatamers, a pias- 
mid with two or more promoters, a plasmid with the IRES sequence (internal ribosomal entry site) between two 
sequences, and an arrtiartgtogenic peptide with a secretory sequence win Increase foe defivery of genes to the thera- 
peutic target without markedly increasing the DNA concentration. With regards to the concatamars, the concatamere 
can extend up to approximately 4400 basse in length (fire coding region of a targe protein), and the number of cortcst- 
amars possible wffl depend on the number of bases of a single antt-at rgfogenio unit 

Forftbronecfin, the range of c onc at am ere would be about 2 to 6a Although, the maximum number of anti-ang- 
iogertfounas tor the TStt to about ^ 
have any enti-angiogartic effects, such as shown below: 

ATG ( CTK31GGCG<XCTCCC^ 

AA (SEQ ID NO:29), 

where the corresponding amino acid sequence to: 

M (LRHPPLCfHNGVQYRNNEEwT^ 
ICSVTCGGGV)* (SEQ ID NO: 30), 



and wherein n In an integer of from 2 to 24. In a similar manner, the concatameric number of fre platelet factor-4 pep- 
tide* somatostatin inhibitor, angles tufin, and prolactin can be increased. 

Since more than one anti-angiogenlc pathway exists, concatamem consisting of two or more types of inhibitor are 
believed to be more effective than the hcrnogenous concatamera Fcr example, heterogeneous concatamers of TSP1 
and tr* ftbronectin inhibitors can be inserted into the same vector. An example of a heterogenous concatamer useful is 
present invention is as follows: 

ATG ( CTGAGGCGGCCTCCCCTATGCTATCA 
CGGTAAAAGMC^CCGTGGTC3^CTTGTTCTCT 

GGIMAAGI&G^ ) M ( 

) y TAA {SEQ ID NO: 31) • 



The first parenthetical rep resents the nucleotide sequence of TSPf. whereas the second parenthetical represents the 
snS-angiogenic fragment isolated from fibrcnectin, wherein x and y represent the number of repeals of TSPI and 
fibr o n ec fln , respectively. Again, the number of bases delineated by the summation of x + y wtC generally not exceed 
4400 bases. 

Tta above heterogeneous concatamera nee^ 
tain angiostatin or the large polypeptide fragment of prolactin can be modified with with the above-mentioned genes 
whfch encode anti-angfogenic pepstkles. Again, the ccncatameric number wiO vary depending on the number d nucle- 
otide bases of the unit angiogenic inhibitor. In this concatomer of large and small anti-angtogenic inhibitors, the ratio of 
of large to ©nali inhtoaora to 0. 1 to 0.9, preferably 1 :1. 

A translationa) start signal Met. has been i n c lu d ed tn 80 of fits above peptides; and a tran scr i ption al stop coden 
(TAA) has been included in all of the above DNA sequences. 

The Sa/I sites indicated in the above-aequertces are a useful cloning tool for insertion of the DMA Into 8AP vector, 
which is known to useful in expressing proteins efficiently fn vfvo from the p-actfn promot e r (Ray et al. Genes Dev., 
5^265-2273 (1991)). Other restriction sites can be incorporated into the DNA factoring into ofter vectors. 

Other useful vectors tor gene therapy which can be employed In the present Invention include ptasmWa with a sim- 
ian viral promoter, ag., pZeoSV (bwitrogen); or the CMV pr om ot er , eg., pcDNA3, pRc/CMV or pcDNAI (Invitrogen). 
Plasmids with a CMV promoter may contain an intron 5" of the rrtuitfpJe cloning site (Zhu et at, supr&). Rasmidscontain- 
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Ing the BGH terminator Instead of the viral SV40 polyA termlnaton e.g,, pcDNA3, pRc/CMV, pRc/RSV (Norman et al, 
IBCs 5th Annual Meeting (1895); and Invitrogen vectors), can also be employed In the present Invention so as to 
Increa se Hie expr ession of fte tumor suppressor gene and the anti-angfogertte peptide In ceOs. As stated previously a 
vector containing two or mom promoters wfll greaffy enhance the therapeutic efficacy. Vectors containing the IRES 
soc^encewhtoh allows tfw translation 
fcarrtly increase the efficacy of tos therapy. 

Expression of the D MA encoding the tumor suppressor protein and the D NA encoding the anH-angioganlc peptide 
can be achieved using a variety of promotes, and the psrtoto 
ttoa to exampi* the promoter 

or the CMV promoter, or a tissue specific promoter, such as the a-fetaJ protein promoter which Is specffte for Over 
(Kaneko et al. Cancer Res., S:5283*287 (1895), the tyrosinase promoter which is specific for melanoma cafe 
(Hughes et aJ, Cancer Res., ^3339-3345 (1995); or the enolaae promoter which Is epecffle for neurons fArriersenet 
AGaAJMbfa&Afet^^ 

The particular amount of DNA included in tha catfonic liposomes of the present invention Is not critical. Generally; 
the amount of total DNA Is In the range of about 0.005 to 0.32 p$fpM of liposome, preferably 0.045 to 0.08 pgfcM of 
liposome. 

T^DNAffl^xilng a tumor suppressor gene is generally present hi an amount of from 0.0025 to 0.16 pgfcM of 
ifeosome, preferably 0.028 to 0.04 jigftM of liposome. Tha DNA encoding an anti-angtogenic peptide is generally 
present In an amount of from 0.0O25 to 0.16 vQtpM of liposome, preferably 0.028 to 0.04 pg/pM of liposome. 

Thermrierafioofthe DNA encoding fretufrw suppressor gene to fte DNAencccBngfteantl-angiogertc peptide 
IsrtotcrHicaltothepresertl^^ 

The DNA encoding the tumor suppressor gene and the arti-angiogenlc peptide may be contained on the same vec- 
tor, or on separate vectors. 

Catfonlc liposomes are prepared similarly to other liposomes. In brief, fre cattonfo Hpid withfor wiftout DOPE are 
cfescJved In a solvent e.g^ chloroform. The lipids are then dried In a round bottom flask overnight on a rotary evapora- 
tor. The resulting lipids are then hydrated with sterile water ever a 1 hr period so form large mutflamellar vesicle lipo- 
somes. To decrease the size of ttie liposomes, one may sonicate or pass the liposomes back and forth through a 
polycarbonate membrane. The DN ^ 

In another err^ment, me abc^ 
rang tumor growth In a sutyetf 
comprising DNA encoding a t^ 

In a preferred embodiment the cationte DposomerDNA complex additionally comprises DNA encoding a tumor sup- 
pressor protein. 

In a further preferred embodiment the cationte polymer :DNA complex aikfiftanaOy comprises DNA encoding a 
ttf™ supply proiefato^ 

plex are comprised of one catonic lipid (la- 1 ^oledyl^- g lycen>3^HahoBp|iocliuBiw, 12<ffrrMistoyl-6rvalyc- 

^f^W^sph^ 1 ^ and a3<flci*ytoxy)piDpyt^l,N,N- frinnethyhmimonium chloride) and may also be 

COT1 ^ B ,zJ^ yo ?5* rtn8 fl ' yod C 6 - a Peflyteted l^1£-<tecy-6n^ycero-3^ 
era glyceO 2000) and a targeted Bgard (to a^ 

In a further preferred embodln^d the ir^^ 
cafionlc polymer pdyethyOmine, polylysine, pofyhisffiaTna, and Superfect) and may also be comprised of polyethylene 
glycol and a targeted I H B and (the amino add peptide ROD, ferritin, or anfibodlas targeted toward to HEFsVcEA) 

In a further preferred embodimerrt said tumor suppressor protein In said complexes Is selected from the croup con- 
sisting of the p53. the p21 and the ib. w 

In a further Poured embodiment said tiinweuppreesorprotdn in fJiesaU complexes to pS3. 

In a further preferred embodiment of the Invention said anftengtogente peptide In the said complexes Is selected 
from** grow consisting of 8EQ ID NO:1, SEQ ID N03. SEQ ID NOS. SEQ ID NO:7, SEO ID NOs/sKJ BNfrll 
f3PJP3^ 10 f:15. SEQ ID NO: 17. SEQ ID NOrl9, SEQ ID N021, SEQ ID N023, SEQ SnS/sEO 
ID and SEQ ID N0:30. 

toaftftherrrefer^ 

sorrre:DNAcorrpiexe is present In an amount of from 0.0025 to 0.16 pgfeM of liposome. 

to a ftjrtfier preferred embodiment the sakf DNA encoding an arrti-angiogenfc peptide in the said caflonic poly 
mer;DNA conrplex is present In an amount of from 0.01 S to 0.33 jig/jig of polymer. 

In a further preferred embodiment the said DNA encoding a tumor suppressor protein In the said complexes is 
present Inan amount of from 0.0028 toO-IBjigfeM. wv*™** » 

Jn afurther pretend emb^^ 
said complexes Is r^esem In an amourt^ 

A further embedment of the presertimwrrttonisthepro^ 
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prising DNA encoding fin antf-angtogsnfc peptide for the production of a medicament for fnhlbtiing tumor growth fn a 
subject which preferably comprises admlnltitwlny the same to a tumor-beartrtg subject 

tn a further preferred embocO ment of tie present Invention the eafci complex In the said use additionally c omprises 
DNA encoding a tumor suppressor protein. 

In a further preferred embodiment of the present Invention the safd cationlc Oposome In the said use Is (Le.-1 ^<flo- 
leolyJ-en-glycero-3-etiiy^ 1 ^myrfstoyl-en-ajycerc^-eihtf and 2,3KCo}-ey!oxy)propyI- 

NX^trfmsihylammonium chloride and may also be comprised of polyethylene glycol Q.&, a pegylated QpJd-1 Z 
sn-a#cerQ-3^5hcsphoethanolam^ glycol) 2000) and a targeted itgand (the amino acid peptide 

RQD, ferritin, or antibodies targeted toward to HEFC). 

In a further preferred embodiment of the present Invention the said cationlc polymer fin the said use is [Lb. (pcfy- 
ethyfimine PoiycaE57. poJyiysme. pdyttisifidlne, and Supsrfect) and may also be comprised of polyethylene glycol and 
a targeted ftg&nd (the amino add peptide ROD, ferritin, or antibodies targeted toward to HER2). 

In a further preferred embodiment of the present Invention the said tumor suppressor protein used tn the said cat* 
Ionic polymer Is selected from the group consisting of p53, the p21 and the rtx 

In a further preferred embodiment of the present invention the saki tumor suppressor protein used tn the said cat- 
tonic polymer lsp53. 

In a further preferred embodiment the said anti-angiogenic peptide used tor the said cationlc polymer Is eelectBd 
from the group consisting of SEQ ID NO:1, 8EQ ID N03, SEQ ID N05, SEQ ID NO:7, SEQ ID NOS, SEQ ID NO:11 , 
SEQ ID NO:13, SEQ ID NO:1S, SEQ ID NO:17, SEQ ID NO:19. SEQ (D N021, SEQ ID N023. SEQ ID N025, SEQ 
!DN027,andSEQIDNO3a 

In e further preferred embodiment of the presort Invention the said DNA encoding an anti-anglcgenic peptide used 
fn the catiorfc complex Is present In an amount from 0.0025 to 0.16 ng/pM of liposome or 0.01 6 to 0.33 of poly- 
mer. 

In a further preferred embodiment of the present invention the said DNA encoding a tumor suppressor protein used 
In the said complex Is presemm an amoum of from 0^ 

In a further embodiment of the present invention the said cationlc pofymenD NA complex comprising a plasmid with 
one or more promoters expressing either the same gene product (SEQ ID NO:1, SEQ ID NOr3, SEQ ID NOS, SEQ ID 
NO:7. SEQ ID NOS. SEQ ID NO:11, SEQ ID NO:13, SEQ ID NO:15. SEQ ID NO:17. SEQ ID NO:19, SEQ ID N021, 
SEQ ID N023, SEQ ID N025, SEQ ID N027, and SEQ ID NO^O) or combinations of these gene products. 

In a further embodiment of the present invention the cationlc liposome rDNA complex comprising a plasmid with an 
I nt e r ven ing internal rfbosomal entry sfte sequence between two genes (SEQ ID N02, SEQ ID NO:4, SEQ ID NOfl, 
SEQ ID N08, SEQ ID NO:10, SEQ ID NO:12, SEQ ID NO:14 ( SEQ ID NO:16, SEQ ID NO:18, SEQ ID NO20, SEQ 
ID N022, SEQ ID N024, SEQ ID N026. SEQ ID NO:28, and SEQ ID NO 29) mat are either the same or different 

In a further preferred embodiment the said antl-anglogenic protein in the said cationlc IfccsomeiDNA complex or 
the said cationlc poiymenDANN complex is secretory from the group consisting of SEQ ID NO:1 , SEQ ID N03. SEQ 
ID NO:5. SEQ ID NO:* SEQ ID NOS, SEQ ID NO:11, SEQ ID NO:13. SEQ ID NO:1& SEQ ID NO:17. SEQ ID NO:19, 
SEQ ID N021. SEQ D N023, SEQ ID N025, SEQ ID N027, and SEQ ID NO:30. 

The particular type of tumor which can be treated hi the present invention Is not critical thereto. Examples of tumors 
wttchc^ be treated fn accordance*^ 

melanoma tumors. All of these tumors are very dependent on blood supply to sustain their growth* 

The particular mode of administering me cationfc DposomeiDNA complex of me present Invention la not critical 

thereto Examples of such modes include Intravenous, subcutaneous and tntmtumoml injections. Intravenous Injection 

Is the preferred administration mod e since there ts better distrfcution to the developing blood vessels of the tumor. 
The amount of cationlc BposomerDNA complex to be administered wfl) vary depemflng upon the age, weight sex 

of the subject as well as the tumor volume and rate dtunragrcwtiim the subject Generally, the amourt to be edmfr 

tetered win be about 5 to 60 pg, preferably about 9 to 18 pg. 
The following examples are provided 

me present invention. 

EXAMPLE 1 

PrcA^otPNAjfigam 

A. TSPI Vector 

The coding region of tits TSPI gene is well-known (QB Accession code-X14787). The TSP1 gene was inserted Into 
the Xbal sfte of BAP vector (Ray et al. supra) t so as to give rise to TSP I vector, wherein expression of the TSPI gene 
is controlled by the p-actin promoter. 
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B.TSPf Vector 

TSPf vector is a vector containfnfl a DNA fragment of the TSPI gene which has the Mm antf-nnntrv,^,. ^.^i™ 
(r^eottes 992-1650) fWsmaetal, a^). aniaaartcodon J^S^^^^*' B ^ d ^ 

The DNA fragment Mis prepared by PCR using thran4»spcOTdhl<©NAaBtBmi^^ionf^o«^-~a.-* 
the follow^ prfmere 5'-TAGQ[Ii2aQMTGACTQAAQAQMCAA^)^.3' rsm rT^J^nJ ~ 01 



3S 



40 



so EXAMPLE 2 

PrfflanRfon Of CnHrwtc I hwrwraDNA Comply 

rate. DOPEwfthoWS^ 

between 15 to 20 Ames with a Upsor^.2^^ 

The DNA employed was either (1 ) empty BAP vector; (2) TSPI vector alma- m t«p» „, 

atone; (5) p53 vector* TSPI vector; or (S) X vector+^'vsctor P> TSPf vector atone; (4) p53 vector 

«JS •SIS "^T*^ 1,58X1 aa8en Wte WW • Chateworth. Ga). and washed twice in 70% fvM 

SSSISK^ ** ^^^^esn^tr^iewofpawiaNectedhto 
EXAMPLE 3 

fefeAjakserfc Effect of Oafionte Upnunme J3NA gaggm 

coraairang moa-mb-435 breast career tumors (American Type Tissue Culture, Bathesda, MD), which are pS3 defl- 
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Giant 

Mors specifically, after administering the anesthetic, Metofarre, to 126 female athymic nude mice (NCI), flte mice 
were injected with 2.0 x 10 8 MDA-MB-435 tumor cells Into the mammary fat pad using a stepper (TrtdakJ and a 27.5 g 
needla Two weeks later, the mice whose tumors grew were divided Into various tr ea t me nt regimens. ISmteepereach 
regimen. The treatment regimens were as follows; 

(1) untreated; (2) empty BAP vector; (3) T8PI vector alone; (4) TSPf vector atone; (5) p53 vector alone; (6) pS3 vector 
+ TSPI vector^ arxJ (7) p53 vector* TSPf vec^ the first injection 14 days 

after the malignant cells tad been Implanted into the mice, and the second injection 24 days after the malignant ceQs 
had bean fmpianted Into the mice. The first injection consisted of 200 pmoles c! die liposomes complexed with 16 ugcf 
total DNA. The second injection consisted of 200 pmoJs of the liposomes complaxed with ao jxg of total DNA. The sizes 
of the tumors were measured 7 days after the second injection. The results are shown In Table 1 below. 



TABLE 1 



Anti-tumor Effects of TSPI and TSPf 


PutafiveAntHumor 
Genes 


Tumor Size (mm 3 ) 


Untreated 


113.5±6.41 


BAP 


102^*8.83 


TSPI 


103.2±&96 


TSPf 


B9.4±11.08 


P53 


80.1±12.r 


D53 + TSPI 


82.916.85* 


p53 + TSPf 


53.2±8.37" 



• pS3 or p53 + TSPI vs. untreated, p<0.05 
**pS3+ TSPf vs. untreated or BAP, p<aoi 



As shown in Table 1 above, the p53-treated group was found to be statistically efferent from the untreated group 
(p<a05) after 2 Injections. However, the p53 treated group was rat statistically different from the empty BAP vector 
group. This was similar to the results described by Lesoon-Wcod et a), Human Gene Ther. , £395-408 (1 995), In which 
p53 was not statistically different from the empty BAP vector group until after 5 injections. 

However, p53 in combination with TSPf reduced tumors more effectively than p53 aiona That is, after just 2 Injec- 
tions of this combination therapy, there was a 35% further reduction In tumor growth compared to p53 alone. The com- 
bination group was statistically different from both the untreated and the empty BAP vector groups ftxO.Ol). Although 
TSPf by itself was sflghtiy less effective than p53, TSPf was, unexpectedly, sibstantialry more effective than TSPL In 
feet the fuD length TSP Mreati rant group had no more effect than either the empty vector or the untreated groups. This 
was unexpected for eeveraJ reasons: 1) both me full length and the fre^ 
angiogenic peptide 2) in a previoiis« 

th/e In inhfofting tumor growth, and 3) fufl length thromb o spond ln I has a secretory sequence presumably eoftat the 
secreted protein can irthfrtt endotheOai prritfaration, whereas the thrombosponrCn I fragment does not contain a secre- 
tory seo^jerrce. 

Regardless of whether mere is a secretory eequer^ 
someantiangiogente gene would not be en effective antitumor therapy. As taught by Lestxm-VVbod et el, the transfec- 
tfon efficiency of the tumor with cationic liposomes was very low In fed ft could not be quantitated with a primer 
extension method. We know from the teaching of Weinstat-Sasiow et el that high leveJs of expressed TSPI in 1 00% of 
the tumor cells reduces the tumor grewfo by only 60% In m ex vivo system . Extrapolating from these findings, a rela- 
tively high transfection efficiency of 20% with the liposome: antiangiogenic genes would have resulted in a marginal 

statfeflcal differences with the Dposomewtfiar^to-genfc gene complexes. A transfection efficiency of the tumor above 
10% would have easily been measurable with a variety of techniques including the primer extension method (used by 
Lesocrv-WoodetelJ.fthasbe^ 
ionic liposomes. 

Hence, it was dearly unobvtous that DM6 encoding an anti-angfogenic peptide alone would be an effective arrti- 
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teaching that an anti-angtogenic pjatfBft Is an effective anti-tumor agent (Totema at 



^^^f^'.^? ^ WeCted 20 x ^ MDA-M&43S tumor ceils Into the mammary fat pad Two 

^^^i"^ 1 ^^^ eachlniecHon - ^^^theturrcmwererne^bafereiX 
ton and 7 days after the last injection. The results are shown in Table 2 below: ^ 



TABLE 2 



2S 



Anti-tumor Effects of pS3 and TSPf 


Putative Anti-tumor 
Genes 


Turner Size (mm 3 ) 


BAP 
P53 

p53 + TSPf 


8551345 
816*142 
265±133* 



wh^C^a^ iJS^ nTS^? 9 ^ P 53 ^ ^ was stefietafly afferent from BAP, 

In table I. the TOW treatment group decreased the tumor more than err^ vector or ib*S ^t^^kL^ » 
thedKferemtreatmertojoupstumcre B case or una ana measured 



Table 3 



40 


Anti-tumor Effects of TSPf 


Putative Anti-tumor 
Genes 


TUnwSfeefmm 3 ) 




Untreated 


80.0±11^ 




BAP 


80.4±4.5 


45 


TSPf 


50.7*4.8* 



• TSPf va BAP, fXO.025 

Ini anctha • epertment demonstrating the efficacy of arrBangfogertc genes, various antenotooenic am*. u»™ 
pawned for their antitumor actMty. After adrnWstertng the anStfc, tSS^SmSTS^i^L !£! 
(NC0,the.nlcewere!r^ with 3.0x10*^ 

n^per each regjrrm The treatri^reejmerBw^ 8 
apart The Infectiora consisted of 200 pmoles of the liposomes comptaxed with 12.5 M of total DNA. The resuitsare 
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TABLE 4 



Putative Antitumor 
Genes 


TiimorSlz^mm 3 ) 


BAP 
TSPf 

Lamlnln peptide 
AngiostHtin 


194.7±11.9 
135.9±11.9* 
128.4 ±8.4* 
9S.2±8.3 # *- 



* TSPf* Laminln pepttte, end AnQtostafln vs. 
BAP,p<0.05 

~Aneto$tatinvs.BABp<3.01 



AsehownlnTttfe4ebow8,thecatgo^ 
(TSPf, laminln peptide and engtostatfn) significantly inhibfted tumor growth. 

Next. MCRcete (American Ty^ 
ma! p53 alleles, were evaluated as described above except that4.0x10 6 cells inject lnto^mtoe;end^mw 
Injection contained 12 jig of the DMA. Each Injection was 10 days apart Nine mice were infected with each of the fol- 
lowtng treatments except for regimen (1), in which 8 mice were treated: (1) untreated; (2) BAP; (3) p53; and (4) p53 + 
TSPf. The dzesof the tumors were measured 7 days after the third tnjecton The results are shown In TaJbfe 5 below. 



TABLE 5 



Effect of p53 and TSPf on MCF7s Cells 


Putative AntMumor 
Genes 


Tumor Size (mm 3 ) 


Untreated 


124.6*7.3 


BAP 


i36±iae 


P53 


83.1*13.6* 


p53 + T^f 


69.0tfc13~ 



* pS3 vs. untreated or BAP, pc(U)5 

** p53 + TSPf va untreated or BAP, p<0.01 



As shown fnTatte 5 above, the most effective tfterapy against MCF^ 
the p53 + TSPf therapy was greater than for p53 atone when they were compared against efther the untreated or the 
BAP groups. 

The above experiment verifies that p53 and TSPfJ decreased the MCF7s tumor more than the p53 treated or me 
untreated groups. 4 X 1 0 s MCF7 ceils were Injected bflaterafly Into the mammary fat pads of the 28 nude mice. After 
two weeks of growth, these mice were rarxtomty divided into four groups; 1) empty vector, 2) p53, 3) p53 + TSPf , and 
4) untreated. The mica received one injection of 200 pmoles of liposomes cornplexed with 14 ugs of DNA, and the 
tumors from th 9 various treatment groups were measured 1 0 days after the treatment The resufte are shown in Tfcbie 
8 below 
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TahJe6 



10 



Putative Anti-tumor 


Tumor Size (mm 3 ) 


Genes 


Empty vector- 


54.7*10 


p63 




pS3 + T8Pf 




Untreated 


61.9+8.3 



, p53 + TSPf vb Untreated, jx.025 



IS 



SO 



30 



uSl SjfTS ^JH 01 1353 ^ ^est that TSPf and p53 have different miSSmSSii 
S!!i!!!!^^ ,,8tar - As^in. with a liposome oon^exed to 

rSK* 8 ^!?!?* • The treatment reflfmers were ael^ BAR (2) larrtrTand 
6^macfeachvectttfv*enacoirtoiatiOTv^u8edTher^ ^10^ tC« 



TABLE 7 



38 


Putative Anti-tumor 


Tumor Size (mm 3 ) 


genes 




BAP 


345 ±23.5 




Larrvnfn peptide 


280 + 32.4 


40 


LamWn peptide + p53 


192±10.5> 



* BAP va Lantiniri peptide +p53, p<0.05 



55 



waaunexpedafly more effective in reducing tumor growth then when DNA enetdha theanft«wteaenieoS™ 
J^ThuatteaddtBon^ 

Atth^intraverausinjecto 
IcaL injure 1, itv^fourdtatintraturnomi injecfione are effective, and it also supS^he 

and 3) anBtestefia *■» *e second htratumora) injection. therewaa a «a 
somej3AP. 2) lipoeomesecreted angfastatln. and a) Opoaomerangtostatfti The concentration of DNA injected Into the 
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mice was 14.5 ugs. Tha mice received one Injection of the OposomsiDNA complex and their tumors were measured 10 
days after the injection. 



Table 8 



Efficacy of Secretory Angtostafin 


TharapeuflcQenss 


lUmor Size (mm3) 


Angtostatin 

Angiostafirv-Secrstory 

BAP 


30.5*3.3 



•jxOjOS. BAP vs. Artgtostatin-seoBlory 



16 

As seen in table 8» the secretory sngicstHtin treatment group was much more effective than the empty vector con* 
tro) or tha anglostHlin treatment group fn reducing the size of the tumor. From this experiment ft is evident that a sacra* 
tory sequence Inserted into the 6* portion of the arrti angiogenic Inhibitor will increase Its efficacy. 

In vitro assays indtasta that calloi tic polymers wffl significantly Improve the present therapy. When a carrier such as 

so a cafionic Opid was used in this In vitro assay, the inhibitory effect (of the genes p53, TSPf, and the combination of p53 
and TSPt) was marginal whereas another vector, Superfect (a cafionic polymer), was much more effective as a carrier. 
This is because Superfect was 15 llfntjb more effective than the cationfe liposomes In Irar tsfuullng endotheW ceils with 
Are CAT marker. The cafionic liposomes used in this section was DOSPER (Bosrhirtger), which of the 14 lipids tested 
gave the best results, included hi this pane) of 14 lipids that we tested was (fpofecfin (BRL) which is a mixture of 

23 DOTMA/DOPE that we have used In an in vivo study. In brief, we plated 1X1 0 6 Huvec ceils fnto each weJi of a 6 weii 
plata 25uis of Superfect compiexed with 2 ugs of DNA was added to each plate 24 hours after the initial seeding of the 
ceOa, 38 hours after the transrectal, the cells were lysed and the amount of CAT protein was assayed. 



Tables 



Vectors 


ActivirypP^protein) 


Cafionic Oposomes with BAP 
Cafionic liposomes wfth CAT 
Superfect wfth BAP 
Superfect with CAT 


31.1±7.2 
6821129 
21.410.458 
10816±68r 


p<0.001, Superfect-CAT vs Caticnte Oposome-CAT 



40 

This experiment clearty demonstrates that Ihte caflonfc polymer to a superior in the transfecfion of endothelial ceSs, 
which Is a likely target of the therapeuttegeria We have found ftm Sup 

Cposornes for marry cCfTerent ceil lines. Sirce Superfect which Is a cafionic polymers is such an efficient carrier of DMA, 
thte underscores possibly that 
45 a result, other non-viral carriers besides liposomes should be included in this patent 

Transfecfion of Huvec Ceils wfth various Inhibitors was as foOows. 1.0 x 10 s Huvec ceils (Ooneftcs), a human 
endothelial ceD Oner were plated into each wen of a 6-weQ plata. and placed in a C0 2 irradiator at 37°C. Twenty-four 
houre later, the cells were tr an s fe c ^ 

ious DNA vectors. La, (1) BAP vector; (?) pS3 vector, (3) TSPf vector; and (4) pS3 vector* TSPf vector. After the cells 
50 were exposed for 2 hours to this complex at 37°C the media was removed, and replaced with fresh EQM media 
(Qonetics, Inc.). containing 10% (v/v) fetal calf serum, and 1.0% (w/v) glutamtrte, and the cells placed In a COg Incuba- 
tor at 37°C. TWenty-four hours later, the cell number in each plate was determined by the 3^4,5<iimethyttrrfazc}-2-yi)~ 
(Snarboxymethoxypherryi)- 2-,5<fi- ptteny ft etetr a- zofium bromide (MTS) assay described by Buto et a), J. Immunol 
Methods, 3H233-240 (1993). 

65 The resuits are shown in Figure 1 attached hereto deafing with thB trtratumoral injections of OposomeiDNA com- 
plexes and its effect on the tumor dimension 6 to 12 days after injection. 

As shown In Rgure 1 , ft was found that p53, TSPt and the combination therapy of p53 and TSPf were effective at 
fnhibifing endothelial ceOs in vitro. The c om b ina tion of p53 and TSPf was the most effective at Inhibiting endothelial 
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decree b achieved whan using BAP^Si^ WA ^^ 
Ing from the splrtt and scopsthereot a ™ vanou8 "^O^andmodJicaBorwcanbemade therein without dapari- 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: Archibald Jamsa MIX£0N 

(B) STREET: 1 Baedarwood Ct . 

(C) CITY: Rcckville 

(D) STATE: Maryland 
(S) COUNTRY: USA 

(P) POSTAL CODE (ZIP) t 21201 

(ii) TITLE OF INVENTION: CATIONIC VEHICLE : UNA COMPLEXES AND THEIR 
USE XK GENE THERAPY 

(ill) NUMBER OF SEQUENCES: 33 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC -DOS/MS -DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 (EPO) 

(V) CURRENT APPLICATION DATA: 

APPLICATION NUMBER: EP 97112154.6 

(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 217 amino acids 

(B) TYPE: amino acid 

(C) STRANDBDNBSS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 1: 

Met Thr Glu Asn Lys Glu Leu Ala Asn Glu Leu Arg Arg Pro Pro Leu 
1 5 10 15 

Cys Tyr His Asn Gly Val Gin Tyr Arg Asn Asn Glu Glu Trp Thr Val 
20 25 30 

Asp Ser Cy& Thr Glu Cys Bis Cys Gin Asn Ser Val Thr lie Cys Lys 
35 40 45 

Lys Val Ser Cys Pro He Met Pro Cys Ser Asn Ala Thr Val Pro Asp 
50 55 60 

Glu Glu Cys Cys Pro Arg Cys Trp Pro Ser Asp Ser Ala Asp Asp Gly 
65 70 75 80 
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Tip Ser Pro Tip fier Olu Trp Tir Ser Qfs Ser Thr Ser Cys Gly 

a. Bin Gin *g Gly ^ ser ^^ Ber ^ ^ ^ 
Olu Gly ser Ser Val Gin «ur Jx* Thr Cy* Hie i la ^ Qlu ^ ^ 

S ^ ^ ^ g ^ =1* Trp Ser Pro Trp Ser 

135 140 

Ser Cys Val Thar Cys Gly Asp 0 ly Val lie <rhr> T , ^ 

145 15 J F y 31 Ii0 Tto: tog XI© Thr Leu Cys 

15S 160 

Aan ser Pro ser pro «nn Met ^ Gly ^ ^ ^ Qlu Qly Qiu ^ 

170 175 
Gl« T*r j. tyB Ma ^ Ly8 ^ ^ ^ ne ^ 

185 190 

Gly Trp Gly Pro Trp Ser Pro Trp Asp Ila Cya Ser Val Thr Cyo Gly 



205 



Oly Gly Val Gin Ly fl Arg Ser Arg Leu 
210 215 

(2) INFORMATION FOR SBQ ID NO* 2t 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6S6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNESS: single 

(D) TOPOLOGY ; linear 

Ui> MOLECULE TYPEi DMA (genomic) 
(lii) HYPOTHETICAL: NO 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
A^GRCTGAAG ASAACAAAQ& GTTGGCCAAT QAGCTOAGGC GGGCtCCCCT ATGCTATCAC 60 
A*OGGftGTTC AGTACAGAAA TAAOGAGGAA TGQ&CTGTTG ATAGCTGCAC toaGTGTCRC 120 
TCAS&ACT CAGTTACCAT CTGCHAAAAG GTGTCCTGCC CCMC&TGCC CT8CTCCRAT 180 

t^cRCASTTc ctqatgoaoa atgctgtoct cgctgttsgc ocftscaacTc tqcggacgat 240 

GGCTGGTCTO CAXGGTCCGA, GTGG&QCTOC THTTCTAGGA GCTGTGGCRR TGGAATTCAQ 300 
CAGCOCCOCC GCTCCTGC^ TAGCCTCAAC AACC3ATGTQ AGGGCTCCTC GOTCC^ 360 
CGGACCTCCC ACATTCAGGA GTGTQACAAA AQMTTAAAC AGQ6TGQTGG CTGGAGCCBC «0 
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10 



TGOTCCCCTX GGTCATCTTG TTCTOTOACA TOTGGTGATG GTGTGATCAC AAGGATCCGG 480 

CTCTGCAACT CTCCCAGCCC CCAGATGAAT GGGAAACCCT GTGAAGGOGA AGCGCGGOAG 540 

ACCAAAGCCT GCAAGAAAGA OGCCTQCCCC ATCAATGGAG GCTGGGGTCC TTGGTCACCA 600 

TGGGACAXCT GTTCTGTCAC CTGTGGAGGA GGGGTACAGA AACGTAGTCT CTCTAA 655 
(2) INFORMATION FOR SEQ ID NO: 3 1 



(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 439 amino acida 

(B) TYPE: amino acid 

(C) STRANDEDNBSS : 

, 5 (D) topology: linear 

(11) MOLECULE TYPE: protein 

txi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

20 

Met Thr Olu Asn Lys Glu Leu Ala Asn Glu Leu Arg Arg Pro Pro Leu 
15 10 15 

Cys Tyr Bis Asn Gly Val Gin Tyr Arg Asn Asn Glu Glu Trp Thr Val 
25 20 25 30 

Asp Ser Cye Thr Glu Cys His Cys Gin Asn Sex Val Thr lie Cys Lye 
35 40 45 

Lys Val Ser Cys Pro lie Met Pro Cys Ser Asn Ala Thr Val Pro Asp 
30 50 55 60 

Glu Glu Cys Cys Pro Arg Cys Trp Pro Ser Asp Ser Ala Asp Asp Gly 
65 70 75 80 

35 Trp Ser Pro Trp Ser Glu Trp Thr Ser Cys Ser Thr Ser Cys Gly Asn 

85 90 95 

Gly lie Gin Gin Arg Gly Arg Sex Cys Asp Ser Leu Asn Asn Arg Cys 
100 105 110 

40 Glu Gly Ser Ser Val Gin Thr Arg Thr Cys His lie Gin Glu Cys Asp 

115 120 125 

Lys Arg Phe Lys Gin Asp Gly Gly Trp Ser His Trp Ser Pro Trp Ser 
130 135 140 

45 

Ser Cys Val Thr Cys Gly Asp Gly Val lie Thr Arg He Thr Leu Cys 
145 ISO 1S5 160 

Asn Sex Pro Ser Pro Gin Met Asn Gly Lys Pro Cys Glu Gly Glu Ala 
165 170 175 

SO 

Arg Glu Thr Lys Lys Ala cys Lys Lys Asp Ala Cys Pro He Asn Glu 
180 ies 190 ' 



55 
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Gly Trp Ely Pro Trp Sor Pro Trp Asp rle cys Ser Val ^ eye 01y 
195 200 20s z y 

Gly Gly val Gin Lye Arg Ser Arg ^ eye Val Eis Ser Arg « et ^ 
215 220 



Glu Asn Lys Glu Leu Ala Asn Glu Leu Arg Arg Pro Pro Ls« Cya Tyr 

233 240 
His Am, Oly Val Gin Tyr Arg Aaa Aan fllu Glu Trp Thr Val Abb Ser 
245 250 255 

Cye Thr Olu Cya His Cye oin Asn Ser Val xhr Ila Cys Lys Lys val 
•250 255 



270 



fier CyB Pro He Mat Pro Cys Ser Asn Ala ttr Val Pro Asp Glu Olu 



285 

Cya Cys Pro Arg Cys Trp Pro Ser Asp Ser Ala Asp Asp Gly Trp Ser 
295 300 

Pro ftp Ser Olu Trp Thr Ser Cys Ser Thr Ser Cy^ Gly Asn oly He 

315 320 
Ola Ola Arg Oly tag ser Cya Asp sar Leu Asn Asn tag Cys Glu Gly 

" 5 33 « 335 

Ser Ser Val oin Thr tag Tta cys His He Gin Olu Cys tap Lys tag 

PhS LYS **» 31y ■» His Trp ser Pro Trp Ser Ser Cys 

val Thr Cys Gly tap Oly Val lie Tta tag lie Thr Leu cys tan Ser 



380 



Pro ser Pro Gin Ket tan Gly Lys Pro cys Olu Gly Glu Ala tag Glu 

395 400 

Thr lya ^ Ala cya Lys L ye Asp Ala cys Pro Ue Aan Glu Oly Trp 

405 4 " 415 

Oly Pro Trp Ser Pro Trp Asp He Cys Ser Val Thr Cys Gly oly Gly 



425 430 



Val Gin Lys Arg ser Arg Leu 
435 

(2) INFORMATION FOR SBQ ID NO: 4: 

<i> Si^Uaw uas CH ARACTERISTICS ; 

(A) LENGTH* 13 2 S base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: UNA (genomic) 
(Hi) HYPOTHETICAL i NO 

(3d.) SEQUENCE DESCRIPTION; SKQ ID NO; 4: 

ATCACTGAAG AGAACAAAQA GTTGGCCAAX GASCTSAGGC GGCCTCCCCT ATGCTATCAC 60 

AACGGAGTTC AOTACAflAAA TAACG&GGAA TGGACTGTTO ATAGCTGCAC TGAOTGTCAC 120 

TGTCAGAACT C3U3TTACCAT CTOCAAAAAG GTGTCCTOCC CCATCftTSCC CTGCTCCAA3C 180 

fff OCCACAOTTC CTQATGGftJSA ATOCTQTCCT CGCTGTTGGC CCAGCQACTC TGCGGACQAT 240 

GGCTGGTCTC CATGQTCCQA GTGGACCTCC TQTTCTACGA GCTGTGGCAA TGGAATTCAG 300 

CAGCSCSSQCC Q C T C CT G OBA TA6CCTCRAC AACCGATOTG AQGGCTCCTC GGTCCAC81CA 360 

a?. 

CGGACCTGCC ACATTCAGGA GTGTGACAAA AQATTTAAAC AGGATGGTGG CTGGAGCCAC 420 

TGGTCCCOGT OOTCATCTTG TTCTGTGACA TO TO O TGATO OTGTOATCAC AA0GAXCCGG 480 

CTCTGCAACT CTCCCASCCC CCAQATOAAT GGOAAACCCT GTGAAGGCGA AOC3CCX25AQ 540 

ACCAAAGCCT GCAAGAAAflA CGCCTQCCCC A7CAATGGA3 GCTGOGOTCC TTGOTCACCA 600 

TGGGACATCT GTTCTGfTCAC CTGTGGAGGA G3GGTACAGA AACGTAGTCG TCTCTGCGTC 660 

30 GACTCTAQAA TGACTGAAGA GAACAAAGAG TTGGCCAAXG AGCTQAGGCG 6CCXCCCCTA 720 

TGCTATCACA ACGQAQTTCA GTACAGAAAT AAOQAGQAAT GQACTGTTQA TAGCTGCACT 780 

GASTQTCACT GTCAGAACTC A3TTACCATC TGCAAAAAGQ TOTCCTGCCC CATCATGCCC 840 

35 

TGCTCCAATO CX»CAQTTCC TGAIGGAJ3AA TGCT3TCCTC OCTQTTQQO C CAGCGACTCT 900 

GCgQACQATQ QCTQOTCTCC ATOQTCCQAO TOGACCTCCT OXTCTACTAQ CTQTGGCAAT 960 

49 GGAAT7CASC AGCGOGGCCO CTCCTGGQAT AGCCTCAACA ACCSAXGTQA 60GCTCCTCG 1020 

OTCCAQACAC GGACCTOCCA CATTCAGGAQ TOTOACAAAA GATTTAAACA GGATGOTGGC 1080 

TGOAOCCACT GGTCCCCGTQ GXCATCTTOT TCTGTGACAT GTGGTQATOG TOTGATCACA 1140 

48 

AGGATCCGGC TCTGCAACTC TCCCASCCCC CAGATGAATG GGAAACCCTO TGAA6QOGAA 1200 

GCGCGGGAGA CCAAAGCCTO CAAOAAAGAC GCCTGCCCCA TCAATOGAGG CTGGGGTCCT 1260 

& TGOTCACCAT GGGACATCTO TTCTOTCAOC TOTGGAGGAO GGGTACAQAA ACOTAOTCOT 1320 

CTCTAA 1326 
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(2) INFORMATION FOR SEQ ID NO: St 

g it) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 6 amino acids 
<B) TYPE j mm™* acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

10 (ii) MOLECULE TYPE: protein 



(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 5: 
Met Tyr lie Gly Ser Arg 

1 5 
(2) INFORMATION FOR SEQ ID NO: Si 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 33 base pairs 

(B) type? nucleic acid 
CO STRANDECNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 



16 



30 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: S: 
OTCGACATGT ATATTGGTTC TCGTTAAflTC GAC 
(2) INFORMATION FOR SEQ ID NO: 7: 

^ (i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESSi 

(D) TOPOLOGY: linear 

40 (ii) MOLECULE TYPE: protein 



33 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Met Tyr He Gly Ser Arg Gly Lys Ser Tyr He Gly Ser Arg Gly Lye 
1 5 10 15 



Ser Tyr He Gly Ser Arg Gly Lys Ser 
2* 25 

50 (2) INFORMATION FOR SEQ ID NO: B: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 90 base pairs 



58 



28 



EP0B19758 A2 



(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
Ciii> HYPOTHETICAL: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
GTCGACATGT ATATTGGTTC TCGTGTAAAA GATATATTGG TTCTCGTGGT AAAAOATATA 
TTGQTTCTCQ TOGTAAAAGA TAAOTOQACC 
(2) INFORMATION FOR SEQ ID NO: 9; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Met Leu Tyr Lys Lys lie lie Lys Lys Leu Leu Glu Ser 
1 5 10 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 54 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS i single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: UNA (genomic) 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
GTCOACATGC TTTATAAGAA OATCATCAAG AAOCTTCTTG AGAGTTAAGT CGAC 
(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCB CHARACTERISTICS: 

(A) LENGTH: 46 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: protein 



<Xi) SEQUENCE DESCRIPTION: SEQ ID NO: lit 

Met Leu Tyr Lye Lye lie He Lye Lys Leu Leu Glu Ser Oly Lye Ser 
15 io 15 

Leu Tyr Lys Lys He lie Lys Lys Leu Leu Glu Ser Gly Lys Ser Leu 
20 25 30 

Tyr Lys Lys He lie Lys Lys Leu Leu Glu Ser Gly Lys Ser 
*5 40 45 

(2) INFORMATION FOR SEQ 10 NO: 12: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1S3 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNESS: single 
CD) TOPOLOGY: linear 

(ii) MOLECULE TYPE: UNA (genomic) 

(iii) HYPOTHETICAL: NO 



txi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
GTCGACATGC TTTATAAGAA GAXCATCAAG AAGCTTCTTG AOAGTGGTAA AAGACTTTAT 
AAGAAGATCA TCAAGAAGCT TCTTGAGAGT GGTAAAAGAC TTTATAAGAA GATCATCAAG 
AAGCTTCTTG AOAGTGGTAA AAGATAAGTC GAC 
(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: awHrtn acid 

(C) 6TRANDEDNESS : 

(D) TOPOLOGY: linear 

Cii) MOLECULE TYPE: protein 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Met Phe Cys Tyr Trp Lys val Cys Trp 
1 5 

C2> INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 



30 
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(C) 8TRANDEDNES8: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE! : DNA (genomic) 
Ciii) HYPOTHETICAL: NO 

(xl) SEQUENCB DESCRIPTION: SEQ ID MO: 14: 
GTCCfflCATGT TCTTGTATTG GAAGGGATTG TGGTAAGTCG AC 42 
(2) INFORMATION FOR SEQ ID NO: 15: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 amino acids 

(B) TYPE: amino acid 

(C) 8TRANDEEHBSS : 

(D) TOPOLOGY: linear 

20 (11) MOLBCULB TYPE: protein 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

SB Met Phe eye Tyr Trp Lys Val Cys Trp Gly Lys Ser Phe Cys Tyr Trp 

15 10 15 

Lys Val Cys Trp Gly Lys Ser Phe Cys Trp Lys Val Cys Trp Gly Lys 
20 25 30 

30 Ser 

(2) INFORMATION FOR SEQ ID NOi 16: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 117 base pairs 
~(B) TYPE; nucleic acid 

(C) STRANDEDNES8 : single 

(D) TOPOLOGY: linear 

40 ^(ii)^ MOLECULE .TYPE: DNA (genomic) 

( ill ) t HYPOTHETICAL ; NO 

45 (xl) SEQUENCE DESCRIPTION: SEQ ID NO: 1$: 

GTCGAGRXGT TCTTQTATTQ GAAGGGATTG TGGGGTAAAA GATTCTTGTA TTGGAAGGGA 60 
TTOTGGGGTA AAAGATTCTT GTATTGGAAG GGATTGTGGG GTAAAAGAXA AGTCGAC 117 

50 (2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS : 



55 
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(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: protein 



{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17 * 

Met Gly Arg Oly Asp 
1 5 

(2) INFORMATION FOR SEQ ID NO: IB: 

<i> SEQUENCE CHARACTERISTICS: 
(A> LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
CD) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

Ciii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 18: 
GTOOACATOr CTTTOTCTTG GAAGACTTTG ACTTAAGTCG AC 
(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 flraiwn acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(X±) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

Met Gly Arg Gly Asp Gly Lya Ser Gly Arg Gly Asp 
IS 10 

Arg Gly Asp Gly Lya Ser 
20 

(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 81 base pairs 

(B) TYPE: nucleic acid 

(C) BTRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL! NO 

6 

Cxi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 
GTCGACATGG GTOQTGGT6& TGGTAAAAGA GGTCOTQCTG ATGOTAAAAO AGGTCGTGGT 60 

10 

GATGGTAAAA GATAAOTCGA C 81 

(2) INFORMATION FOR SEQ ID NO: 21: 

15 (i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 310 amino acids 
IB) TYPE; amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 



2D 



SO 



(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

Met Val Tyr Leu Ser Glu Cys Lys Thr Oly lie Oly Asn Gly Tyr Arg 
IS 10 15 

Gly Thr Met Ser Arg Thr Lys Ser Gly Val Ala Cys Gin Lys Trp Gly 
20 25 30 

Ala Thr Pha Pro His Val Pro Asn Tyr Ser Pro Ser Thr His Pro Asn 
35 40 45 

Glu Gly Leu Glu Glu Asn Tyr Cys Arg Asn Pro Asp Asn Asp Glu Gin 
50 55 60 

» Gly Pro Trp Cys Tyr Thr Thr Asp Pro Asp Lys Arg Tyr Asp Tyr Cys 
v 65 70 75 80 

Asn He Pro Glu Cys Glu Glu Glu Cys Met Tyr Cys Ser Gly Glu Lys 
85 90 95 

Tyr Glu Gly Lys He Ser Lys Thr Mat Ser Gly Lys Asp Cys Gin Ala 
100 105 110 

Trp Asp Ser Gin Ser Pro His Ala His Gly Tyr He Pro Ala Lys Phe 
115 120 125 

Pro Ser Lys Asn Leu Lys Met Asn Tyr Cys His Asn Pro Asp Gly Glu 
130 135 140 

Pro Arg Pro Trp Cys Phe Thr Thr Asp Pro Thr Lys Arg Trp Glu Tyr 
145 150 155 160 
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Cye Asp He Pro Arg Cye Thr Thr Pro Pro Pro Pro Pro fier Pro Thr 
lg 5 170 173 

Tyr Gin Cys Leu Lys Gly Arg Gly Glu Asn Tyr Arg Gly Thr Val Ser 
180 185 10o 

Val Thr Val Ser Qly Lys Thr Cye Qla Arg Trp Ser Glu Qln Thr Pro 
195 200 205 

His Arg His Asa Arg Thr Pro Glu Asn Phe Pro Cys Arg Asn Leu Olu 
210 215 220 

Olu Asn Tyr cys Arg Asn Pro Asp Gly Gin Thr Ala Pro Trp Cys Tyr 
225 230 235 240 

Thr Thr Asp ser Gin Leu Arg Trp Olu Tyr Cys Glu II* Pro Ser Cys 
245 250 255 

Glu Ser Ser Ala Ser Pro Asp Gin Ser Asp Ser Ser Val Pro Pro Glu 
260 265 270 

Glu Gin Thr Pro Val Val Gin Glu Cys Tyr Gin Ser Asp Gly Gin Ser 
275 280 285 

Tyr Arg Gly Thr Ser Ser Thr Thr lie Thr Gly Lys Lys Cys Gin Ser 
290 295 

Glu Gin Thr Pro Bis Arg 
305 310 

(2) INFORMATION FOR SBQ ID KO; 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 645 case pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNBSS: single 
<D> TOPOLOGY: linear 

(ii) MOLECULE TYPE: DMA (genomic) 

(iii) HYPOTHETICAL: NO 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22; 

CTGGACATCG TGTATCTGTC AGAATGTAAG ACCC3GCATCG GCAACGGCTA CAGAGGAACC 60 

ATOTCCAGGA CAAAGAQTGG TGTTOCCTOT CAAAAGTGGG GTGCCACGTT CCCCCACGTA 120 

CCCAACTACT CTCCCAGTAC ACATCCCAAT GAGGGACTAG AAGAGAACTA CTGTAGGAAC 180 

CCAGACAATG ATGAACAAGG GCCTTGGTQC TACACTACAG ATCCGGACAA GAGATATGAC 240 

1ACTGCAACA TTCCTOAATG TGAAGAGGAA TGCATGTACT GCAQTGGAGA AAAGTATGAG 300 

GGCAAAATCT CCAAGACCAT 6TCTGGACTT GACTGCCAGG CCTGGOATTC TCAGAGCCCA 360 
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CATGCTCATG GATACATCCC TGCCAAATTT CCAAGCAAGA ACCTOAAQAT OAATTATTGC 420 
CACAACCCTG ACGGGOAGCC AAGGCCCTGG TGCTTCACAA CAGACCCCAC CAAACGCTGG 480 

6 

GAATACTOTG ACATCCCCCQ CTGCACAACA CCCCCGCCCC CACCCAGCCC AACCTACCAA 540 

TGTCTGAAAG GAAOAGGTGA AAATTACCGA GGGACCGTGT CTGTCACCGT QTCTQQOAAA €00 

10 ACCTOTCAGC GCTGGAGTGA GCAAACCCCT CATAGQTOAO TCGAC 645 

(2) INFORMATION FOR SEQ ID NO: 23: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 623 amino acids 
15 (B) TYPB: amino acid 

(C) STHANDEDNESS : 

(D) TOPOLOGY t linear 

Cii) MOLECULE TYPE: protein 

20 

Cxi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

Met Val Tyr Leu Ser Olu Cys Lye Thr Gly He Gly Asn Gly Tyr Arg 
1 5 10 15 

zs 

Gly Thr Met Ser Arg Thr Lys Ser Gly Val Ala Cys Gin Lys Trp Gly 
20 25 30 

Ala Thr Phe Pro Bia Val Pro Asn Tyr Ser Pro Ser Thr His Pro Ann 
SO 35 40 45 

Olu Gly Leu Glu Glu Aan Tyr Cys Arg Aan Pro Asp Asn Asp Glu Gin 
SO 55 60 

Gly Pro Trp Cys Tyr Thr Thr Asp Pro Asp Lys Arg Tyr Asp Tyr Cys 

35 .65 70 75 80 

Asn 'He Pro Glu Cys Glu Glu Glu Cys Met Tyr Cys Ser Gly Glu Lys 
85 90 95 

40 Tyr Glu Gly Lys He Ser Lys Thr Met Ser Gly Lys Asp Cys Gin Ala 

100 105 . 110 

Trp Asp Ser Gin Ser Pro His Ala Hie Gly Tyr He Pro Ala Lys Phe 
115 120 125 

4* Pro Ser Lys Asn Leu Lys Met Asn Tyr Cys His Asn Pro Asp Gly Glu 

130 135 140 

Pro Arg Pro Trp Cys Phe Thr Thr Asp Pro Thr Lys Arg Trp Glu Tyr 
145 150 ' 155 * 160 

60 

Cys Asp lie Pro Arg Cys Thr Thr Pro Pro Pro Pro Pro Ser. Pro Thr 
165 170 175 
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Tyr Gin Cys Leu Lys Gly Arg Qly Glu Ami Tyr Arg oly Thr Val Ser 
180 IBS 190 

Val Thr Val Ser Gly Lye Tar Cys Gin Arg Trp Ser Glu Gin Thr Pro 
135 200 205 

His Arg His Asn Arg Thr Pro Glu Aan Phe Pro Cys Arg Aan Leu Glu 
210 215 220 

Glu Aan Tyr Cye Arg Aen Pro Asp Gly Glu Thr Ala Pro Trp Cys Tyr 
22 5 230 235 240 

Thr Thr Asp Ser Gin Leu Arg Trp Glu Tyr cys Glu lie Pro Ser Cys 
245 250 2SS 

Glu Ser Ser Ala Ser Pro Aap Gin Ser Asp Ser Ser Val Pro Pro Glu 
260 265 270 

Glu Gin Thr Pro Val Val Gin Glu Cys Tyr Gin Ser Asp Gly Gin Ser 
275 280 2S5 

Tyr Arg Gly Thr Ser Ser Thr Thr He Thr Gly Lys Lys Cys Gin Ser 
290 295 300 

Glu Gin Thr Pro His Arg Gly Lys Ser Met Val Tyr Leu Ser Glu Cys 
305 310 315 3 20 

Lys Thr Gly He Gly Aen Gly Tyr Arg Gly Thr Met Ser Arg Thr Lys 
325 330 

Ser Gly Val Ala Cys Gin Lys Trp Gly Ala Thr Phe Pro His Val Pro 
340 345 350 

Aan Tyr Ser Pro Ser Thr His Pro Aen Glu Gly Leu Glu Glu Asa Tyr 
355 360 365 

Cy» Arg Aan Pro Aap Aan Asp Glu Gin Gly Pro Trp Cys Tyr Thr Thr 
370 375 380 



Aap Pro Aap Lys Arg Tyr Aap Tyr Cys Asa He Pro Glu Cys Glu Glu 
385 39° 395 400 

Glu Cys Met Tyr Cys Ser Gly Glu Lys Tyr Glu Gly Lys He Ser Lys 
4 °5 410 * 415 

Thr Met Ser Gly Lys Asp Cys Gin Ala Trp Asp Ser Gin Ser Pro His 
420 425 430 

Ala Bis Gly Tyr He Pro Ala Lys Phe Pro Ser Lys Aan Leu Lys Met 
435 440 44 5 

Aan Tyr Cys His Asn Pro Aap Gly Glu Pro Arg Pro Trp Cys Phe Thr 
450 455 460 

Thr Aap Pro Thr Lys Arg Trp Glu Tyr Cys Asp lie Pro Arg * Cys Thr 
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465 470 475 480 

Thr Pro Pro Pro Pro Pro Ser Pro Thr Tyr oln cya Lou Lys Gly Arg 
485 490 49S 

Gly Glu Asn Tyr Arg Gly Thr Val Ser Val Thr Val Ser Gly Lys Thr 
S00 505 510 

Cye Gin Arg Trp Ser Glu Gin Thr Pro His Arg His Asn Arg Thr Pro 
515 520 525 

Glu Aan Phe Pro Cya Arg Asn Leu Glu Glu Asn Tyr Cya Arg Asn Pro 
530 535 540 

15 Asp Gly Glu Thr Ala Pro Trp Cya Tyr Thr Thr Asp Ser Gin Leu Arg 

545 5S0 555 560 

Trp Glu Tyr Cya Glu lie Pro Ser Cys Glu Ser Ser Ala Ser Pro Asp 
565 570 575 
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Gin Ser Asp Ser Ser Val Pro Pro Glu Glu Gin Thr Pro Val Val Gin 
580 585 590 

Glu Cys Tyr Gin Ser Asp Gly Gin Ser Tyr Arg Gly Thr Ser Ser Thr 
595 600 605 

Thr lie Thr Gly Lys Lys Cys Gin Ser Glu Gin Thr Pro His Arg 
610 615 620 

(2) INFORMATION FOR 8BQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 1284 base pairs 
(BJ TYPE; nucleic acid 

(C) STRANDEDNES5 : single 

(D) TOPOLOGY: linear 

(ii) MOLECULB TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 

Cxi) SE QU E NCE DESCRIPTION: SEQ ID NO: 24: 

GTOGACAT3G TGTATCTGTC AGAATGTAAG ACCGGCATCG GCAACGGCTA CAGAGGAACC 60 

ATGTCCAGGA CAAAGAGTGQ TGTTGCCTGT CAAAAGTGGG GTGCCACGTT CCCCCACGTA 120 

CCCAACTACT CTCCCAGXAC ACATCCCAAT GAGGGACTAG AAGAGAACTA CTGTAGGAAC 180 

CCAGACAATG ATGAACAAGG GCCTTGGTGC TACACTACAQ ATCCGGACAA QAGATATGAC 240 

TACTGCAACA TTCCTGAATG TOAAGAGQAA TQCATGTACT GCAGTGGAGA AAA0TATGAG 300 

GGCAAAATCT CCAAGACCAT OTCTGGACTT GACTGCCAGG CCTGGGATTC TCAGAGCCCA 360 
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CATGCTCATG GATACATCCC TGCCAAATTT CCAAGCAAGA ACCTGAABAT GAATTATTGC 420 

CACAACCCTG ACGGGGAGCC AAGGCCCTGG TGCTTCACAA CAQACCCXAC CAAACGCTGG 4B0 

GAAIACTGTG ACATCCCCCG CTQCACAACA CCCCCGCCCC CACCCAGCCC AACCTACCAA 540 

TGTCTGAAAG GAAGAGGTGA AAAXTACCGA GGGACCGTGT CTGTCACCGT GTCTGGGAAA 600 

ACCTGTCAGC 6CTGGAQT0A GCAAACCCCT CATAGGGGTA AAAGAATGGT GTA7CTGTCA tf*0 

GAATGTAAGA CCGGCATCGG CAACGGCTAC AGAGGAACCA TGTCCAGGAC AAAGAGTO3T 720 

OTTOCCTGTC AAAAGTOOGQ TGCCACGTTC CCCCAOGTAC CCAACTACTC TCCCAGTACA 780 

CATCCCAATG AGGGACTAOA AGAGAACTAC TGTAGGAACC CAGACAATGA TQAACAAGGG 840 

CCTTGGTGCT ACACTACAGA TCCGGACAAG AGATATGACT ACTOCAACAT TCCTQAATGT 900 

GAAQAGGAAT GCATGTACTG CA3T0OAOAA AAGTATQAGG GCAAAATCTC CAAGACCATG 960 

TCTGQACTTG ACTGCCAGGC CTGGGATTCT CAGAGCCCAC ATSCTCATGG ATACATCCCT 1020 

GCCRAATTTC CAAGCAAGAA CCTGAAGATG AATTATTGCC ACAACCCTGA COOGGAGCCA 1080 

AGGCCCTGOT CKSTTCACAAC AGACCCCACC AAACGCIGGG AATACTGTQA CATCCCCCGC 1140 

TGCACAACAC CCCCGCCCCC ACCCAGCCCA ACCTACCAAT GTCTGAAAGG AAGAGGTGAA 1200 

AATTACOGAfl GGACCGTOTC TOTCACCQTO TCTGGGAAAA CCTGTCAGCG CTGGAGTGAG 1250 

CAAACCCCTC ATAGGTBAGT C6AC ,- ovl 

1284 

(2) INFORMATION FOR SEQ ID NO: 25: 

(1) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 125 amino acids 

(B) TYPE: amino acid 

(C) STOAN0BDNESS: 
CD) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25 s 

Met Leu Pro lie Cys Pro Gly Gly Ala Ala Arg Cya Gin Val Thr Leu 
46 1 5 10 15 

Arg Glu Leu Phe Asp Arg Ala Val Val Leu Ser His Tyr He Hie Aen 
20 25 30 

Leu Ser Ser Glu Met Phe Ser Glu Phe Glu Lye Arg Tyr Thr Hie Gly 
50 35 40 45 

Arg Oly phe lie Thr Lye Ala He Asn Ser Cys Hie Thr Ser Ser Leu 
50 ' 55 60 
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Ala Thr Fro Glu Asp Lye Glu Gin Ala Gin Gin Met Asn Gin Lys Asp 
65 70 75 80 

Phe Leu Ser Leu He Val Ser He Leu Arg Ser Trp Asn Glu Pro Leu 
85 90 95 

Tyr Bis Leu Val Thr Glu Val Arg Gly Met Gin Glu Ala Pro Gin Ala 
100 105 110 

lie Leu Ser Lys Ala Val Glu lie Glu Glu Gin Thr Lys 
115 120 125 

(2) INFORMATION FOR SKQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 387 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

Cii) MOLECULE TYPE: UNA (genomic) 
(iii) HYPOTHETICAL: NO 



(aci) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

GTCGACATGT" TGCCCATCTG TCCCGGCGGG GCTGCCCGAT GCCAGGTGAC CCTTCGAGAC €0 

CTGTTTGACC GCGCCGTCGT OCTGTCCCAC TACATCCAIA ACCTCTCCTC AGAAAXGTTC 120 

AGCGAATTCG ATAAACGGTA TACCCA3GGC C GG G GG TTCA TTACCAAGGC CATCAACAGC 180 

TGCCACACTT CTTCCCTTGC CACCCCCGAA GACAAGGAGC AAGCCCAACA GATGAATCAA 240 

AAAGACTTTC TGAGCCTGAT AGTCAGCATA TTGCGATCCT GGAATQAGCC TCTGTATCAT 300 

CTGGTCACGG AAGTACGTGQ TATGCAAGAA GCCCCGGAGG CTATCCXATC CAAAGCTGTA 360 

GAGATTGAGG AOCAAACCTA AGTCGAC 387 

(2) INFORMATION FOR SEQ ID NO: 27: 

fi) SEQUENCE CHARACTERISTICS: 

(A) LENGTH i 255 amino acids 
<B) TYPE* amino acid 

(C) STRAKDEDNESS x 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 



39 



EP0819 758A2 



10 



Met Leu Pro He cys Pro Gly Gly Ala Ala Arg Cys Gin Val Thr Leu 
1 5 ID is 

Arg Qlu Leu Phe Asp Arg Ala Val Val Leu Sex His Tyr He Hie Asn 
20 25 30 

Leu fier Ser Glu Met Phe Ser Glu Pha Glu Lys Arg Tyr Thr His Gl y 
35 40 45 

Arg Gly Phe He Thr Lys Ala He Aim Ser Cys His Thr Ser Ser Leu 
50 55 60 

Ala Thr Pro Glu Asp Lys Glu Gin Ala Gin Gin Met Asn Gin Lys Asp 
IS 65 70 " ao 

Phe Leu Ser Leu lie Val Ser He Leu Arg Ser Trp Asn Glu Pro Leu 
BS 90 9S 

Tyr His Leu Val Thr Glu Val Arg Gly Met Gin Glu Ala Pro Gin Ala 
» 100 105 no 

He Leu Ser Lys Ala Val Glu He Glu Glu Gin Thr Lys Gly Lys Ser 
115 120 125 

*s Met Leu Pro He Cys Pro Gly Gly Ala Ala Arg Cys Gin Val Thr Leu 

130 13 * 140 

Arg Glu Leu Phe Asp Arg Ala Val Val Leu Ser His Tyr He His Asn 
145 150 155 i 60 

SO Leu Ser Ser Glu Met Phe Ser Glu Phe Glu Lys Arg Tyr Thr His Gly 

165 170 175 

Arg Gly Phe He Thr Lys Ala He Asn Ser Cys His Thr Ser Ser Leu 
180 ias 190 

Ala Thr Pro Glu Asp Lys Glu Gin Ala Gin Gin Met Asn Gin Lys Asp 
195 200 205 

Phe Leu Phe Leu Ser Leu He Val Ser He Leu Arg Ser Trp Asn Glu 
210 215 220 

Pro Leu Tyr His Leu Val Thr Glu Val Arg Gly Met Gin Glu Ala Pro 
22S 230 235 . 2 4o 

Gin Ala He Leu Ser Lys Ala Val Glu He Glu Glu Gin Thr Lys 
24S 250 255 

(2) INFORMATION FOR SEQ ID NO: 28: 

<i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 756 base pairs 

(B) TSfPE: nucleic acid 
<C) STRAHDBDNBSS t single 
(O) TOPOLOGY: linear 
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(il) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL; HO 

(3d.) SEQUENCE DESCRIPTION x SEQ ID NO: 28: 

ATGTTGCCCA TCTQTCCCGG C66G6CTGCC CGATGCCAGG TGACCCTTCG AGACCTGTTT 60 

GACCGCGCCG TCGTCCTGTC CCACTACATC CAXAACCTCT CCTCAGAAAT OTTCAGCQAA 120 

TTCGATAAAC GGTAZACCCA T66CC6666S TTCATTACCA AGGCCATCAA CAGCTGCCAC 180 

ACTTCTTCCC TTGCCACCCC CQAAGACAAQ GftGCAAOCCC AACAGATGAA TCAAAAAGAC 240 

TTTCTGAGCC TQATAGTCAQ CATATTGOGA TCCTGGAAXG AGCCTCTGTA TCATCTGGTC 300 

ACGGAAOTAC GTGGTATGCA AQAAGCCCCG GAGCCTATCC TATCCAAAGC TGTAGAGATT 360 

GAOGAOCAAA CCGOTAAAAQ AATGTTQCCC ATCTGTCCCG GCGGGGCTQC CCGATGCCAQ 420 

GTOACCCTTC GAGACCTGTT TGACCGCOCC GTCQTCCTOT CCCACTACAT CCATAACCTC 480 

TCCTCAGAAA TGTTCAGCGA ATTCOATAAA CGGTATACCC ATGGCCGGGG GTTCATTACC 540 

- AAGGCCATCA ACAGCXGCCA CACTTCTTCC CTTGCCACCC CCGAAGACAA GGAGCAAGCC 600 

- CAACAGATGA ATCAAAAAGA CTTTCTGAGC CTGATAGTCA GCATATTGCG ATCCTGQAAT 660 

QAGCCTCTGT ATCATCTGGT CACGGAAGTA CGTGGTATGC AAGAAGCCCC GGAGGCTATC 720 

CTATCCAAAG CTGTAQAOAT TQAGGAGCAA ACCTAA 755 
(2) INFORMATION FOR SEQ ID NO: 29; 

(i)* 'SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 161 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : single 
(O) TOPOLOGY: linear 

AO 

' (ii) ' MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 

AS 

(Id) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 
ATGCTGAGOC GGCCTCCCCT ATGCTATCAC AACGGAOTTC AGTACAGAAA TAACGGTAAA 60 
50 AOATCCCCC3T GGTCATCTTG TTCTGTOACA TGTGGTGATG OTGTQATGGT AAAAGAAGTG 120 

GTACCCTGXA GACAAGACAG TGQACACCTC CTCCCCATTA A 161 
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(2) INFORMATION FOR SEQ ID NO: 30: 

U> SEQUENCE CHARACTERISTICS; 

<A) LENGTH: 63 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30 1 

Met Leu Arg Arg Pro Pro Leu Cya Tyr His Asn Gly Val Gin Tyr Arer 
1 5 10 15 

Asn Asn Glu Glu Trp Thr Val Asp Ser Qly Lyo Ser Ser Pro Trp Ser 
20 25 30 

Ser Cys Ser Val Thr Cya Gly Asp Gly Val lie Thr Arg lie Gly Lys 
35 40 45 

Ser Ser Pro Trp Asp lie Cys Ser Val Thr Cya Gly Gly Gly Val 
50 55 go 

(2) INFORMATION FOR SEQ ID NO: 31: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1B5 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 
ATGCTGAGGC GGCCTCCCCT ATGCTATCAC AACGGAGTTC AGTACAGAAA TAACGGTAAA 
AGATCCCCGT GGTCAXCTTG TTCTGTGACA TGTQGTGATG GTGTGATGGT AAAAGAAGTG 
GTACCCTGTA GACAAQACAO TGGACACCTC CTCCCCATTA TATTGOTTCT CGTGGXAAAA 



(2) INFORMATION FOR SEQ ID NO: 32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 
(CJ STRANDEDNESS: single 
(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: DNA (genomic) 
Ciii) HYPOTHETICAL: BO 



(jdL) SEQUENCE DESCRIPTION : 8EQ ID NO: 32: 
TAGGTCTAGA ATGACTGAAG AGAACAAAGA G 31 

to 

(2) INFORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH : 31 base pairs 
,ff (B> TYPE: nucleic acid 

(C) STRANDEDNE3S : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (g enomi c) 

& 

(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 

28 

ATGGTCTAGA TTAGAGACGA CTACGTTTCT G 31 



SO 

Claims 

- 1. A catfortic Bpcsome:DNA complex conprtslng DNA encoding an antf-anglogertic peptide. 

38 

- • 2. A cattenic potymerDNA complex comprising the DNA encoding an antiangtogaftfc peptide. 

*dr-3^Thfl complex of - Claim 1 , wherein said convex additionally comprises DNA encoding a tuner suppressor protein. 

40 4. - The complex of Claim 2 , wherein said complex adtfitiormDy comprises DNA encoding a tumor suppressor protein. 

& ^hs cornplex of Claim 1, wherein said cattordc Oposomes are c om p rise d of one estate GpkJ (La- 1 ,2-dloleoryl-sn- 
gryeero^ethylphosphochofl^ s-phochoBne, and 2,3-dlo!-eytaxy}prcpyi- 

N.t^N- trimstrryi-ajruTionlum chloride) and may also be comprised of polyethylene glycol (I.e., a pegylated l^pid-1 J2- 
45 o^cy-sn^IyceT0^3-phospho^ glycol) 2000) and a targeted Bgand (the amino add 

peptide ROD, ferritia or antibodies targeted toward to HER2). 

6. The complex of Qaim 1, wherein said cafionic liposomes are cum pulsed of one cationlc pciymer poryethyienirnine 
Pdycat57, pdytyslne, pdyHsHfcfine. and Superfect) and may also be comprised of poryeflrytene glycol and a tar- 

so gated I Dgand (the amino acid peptide ROD, ferritin, or antibodies targeted toward to H&R2, CEA). 

7. The complex of Claims 4 or 5, wherein said tumor suppressor protein Is selected from the group consisting of the 
p53, the p21 and foe rb. 

65 8. The complex of Claims 3 or 4. wherein said tumor suppressor protein is pS3. 

9. The complex of Claims 1, 2, or 3, wherein said anti-angiogenic peptide is selected from the group consisting of 
SEQ 0) NO:1. SEQ ID N03. SEQ ID N05, SEQ ID NO:7, SEQ ID NOS, SEQ ID NO:1 1 , SEQ ID NO:13, SEQ ID 
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N0:15\ SEQ ID N0:17, SEQ JD N0:19, SEQ ID N021, SEQ ID N023. SEQ ID N0:25. SEQ ID N027, and SEQ 
IDN030. 



10. The complex cf Claims 1 or 3, wherein said DNA encoding on arttl-angtogenfc peptide is present In an amount of 
from 0.0025 to 0.16 ugfpM of fiposome. 

11. The complex cf Claims 2 or 4, wherein said DNA encoding an anti-angbgenic peptide is present in an amount of 
from 0.016 to 0.33 fig/jig of polymer. 

12. The complex cf Claim 8, wherein said DNA encoding a tumor suppressor protein is present In an amount of from 
0.0025 to 0.16 MS/pM. 

13. The complex of Claim 8, wherein said D NA encoding a tumor suppressor protein Is p resent In an amount of fr om 
0.016 to OJKugfcM. 

14. Use of a caflonlc polymer :DNA compiex cornprising DNA encoding an anti-angfogente peptide for the producfion of 
a medicament for Inhibiting tumor growth In a subject which preferably comprises a dminis t er i n g the came to a 
tumor ^bearing subject 

15. The use of Claim 1 4, where said complex addff onaDy comprises DNA encoding a tumor suppressor protein. 

16. The use of claim 1 , wherein said cafiorac liposome (La-1 ;2<fio!eoIyl-sn^yasro^ 1 ,2-tfimyr- 
istcyt-sn-grycero^-etty^ 2,3<iiol-6yioxy}propyM\l,N 1 N^ trfmetrylammonlum chloride and may 
also be comprised of polyethylene glycol fl.e.. a pegyfated lfeid-1,2 <fi**-sn^ycere^^osp^ 
[PoWethylene glycol) 2000) and a targeted Dgartd (the amino acid peptide ROD, ferritin, or antibodies targeted 
toward to HER2). 

17. The use of claim 2, wherein said cafiortic polymer (pciyethylenimine Porycat57, poiyfysine, pdyhisiftfine, and 
Siiparfed^andmaye^ 

ferritin, or antibodies targeted toward to HER2). 

18. The use of Claim 1 5, wherein said tumor suppressor protein Is selected from Gie group cortsistmg of p53 , the p21 
and the rb. 



19. The use of Claim 18, wherein said tumor suppressor protein to p53. 

20. The use of Claim 1 4, wherein said arrfi-angiogenJc peptide Is selected from the group consisting of SEQ ID NOi 
SEQ ID N03, SEQ ID NC*5, SEQ ID NOr7. SEQ ID N09. SEQ ID NO:11, SEQ ID NO:13. SEQ ID NO:1§, SEQ 
ID NO:17, SEQ D NO:19, SEQ ID N021, SEQ ID N023, SEQ ID N025, SEQ ID N027, and SEQ ID NO30. 

21. The use of Claim 14 Claim 15, wherein said DNA encoding an arrfinangiogenic peptide Is present In an amount 
from 0.0025 to 0.16 ugfeM of liposome or 0.01 6 to 0.33 ug^xg of polymer. 

22. The use rtClairns 14 oM5, wherein said 

0.0025 to 0.1 6 ug£M of liposome or 0.01 6 to 0.33 ug/jig of polymer. 

23. A catone pcIymer:DNA complex comprising a plasmid wfth one or more promoters expressing efther the same 
gene product (SEQ ID NO:1, 8EQ ID N03, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NOS, SEQ ID NO:11, SEQ ID 
NO:13» SEQ ID NO:1o\ SEQ ID NO:17, SEQ ID NO:ie. SEQ ID N021. SEQ ID N023, SEQ ID N025, SEQ ID 
N027, and SEQ ID NO:30) or combinatforts of these gene products. 

24. Acaitoniolfrjosc^:DNAcom^ 

between two genes (SEQ ID N02, SEQ ID NO:4. SEQ ID NO*, SEQ ID NO:8, SEQ ID NO:10, SEQ ID NOi2, 
SEQ ID NO:14, SEQ ID NO:16. SEQ ID NO:18, SEQ ID NO20, SEQ ID N022, SEQ ID N024, SEQ ID N026 
SEQ ID N028, and SEQ ID NOr29) mat are either the same or dfffererrt 

23. The compiex of Claim 1 or Claim 2, wherein said anti-angiogenic protein Is secretory from the group consisting of 
SEQ ID N 0:1, SEQ ID N03, SEQ ID N05, SEQ ID N0:7 ( SEQ ID NO*, SEQ ID NO:1 1. SEQ ID NO:13, SEQ ID 
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NO:15> SEQ ID NO:17. SEQ ID NO:19. SEQ ID N021. SEQ ID N023, SEQ ID N025, SEQ ID N027, and SEQ 
ID NO30. 
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Figure 1 

Intratumoral Injections of LiposomerDNA Complexes 
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Figure 2 

Effect of Different Treatment Groups on Endothelial 
Cells In Vitro. 



BAP-p53 BAP-TSPf BAP-p53/TSPf 
Treatment Groups 



*- BAP vs BAP-D53 or BAP-TSPf, p<0.05 

**-BAP-p53 or BAP-TSPf vs BAP-p53/BAP-TSPf, p<0.01 
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